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1. INTRODUCTION

A prime requirement in the calculation of hyperrelocity impact i3 an

accurate thermodynamic description, or equation of state, of the nteracting

materials through a wide range of pressure and density. This state equation

must describe not only normal-density material and its condition after shock,

but also its expansion and change of phase in cases where the shock energy

has been sufficient to rmelt or v. porize. At high pressures (above about

10 megabars) a useful equation of state can be derived by means of the

Thomas-Fermi statirutical theory of the atom. Although this theory gives

poor results at lower pressures because of its incorrect treatment of partial

ionization, considerable low-pressure data are available from shock-wave

experiments. A single equation, valid in both pressure regions and having

a relatively simpli- format, should be expected to provide an accurate basis

for the solution of hypervelocity impact problems.

For this reason, considerable effort has been devoted, as a prelude

to numerical impact calculations, to formulating from available theoretical

and experimental data a library of metallic equations of state. This report

presents a general equation of state having specific internal energy and

specific volume as independent variables for nine metallic elements in

analytic, tabular, and graphic form. The elements are W, Cu, Fe, Al,

Be, Ni, Mo, Th, and Ti. Comparisons between Thomas-Fermi theor'y and

shock-wave experiments are shown in the graphs,

In this report, "low pressure" generally means from 0 to about 10

megabars and "hign pressure" from 10 to about 1000 rnegabars. The peak

pressure of impact for a tungsten projectile striking a tungsten target at a
6 7velocity of 10 cm/sec is nearly 10 megabars and at 10 cm/sec is approxi-

mately 900 megabars. Consequently, any pressure attainable by present

laboratory techniques is by definition "low. " On Le other hand, in the



.. -"- ., £•a wfl-Lrl traiU .!qusion in &lso valid, "high"

shock pressures will certainly exist.

II. LOW-PRESSURE EQUATION OF STATE

In the low-pressure region, explosive shock-wave experiments by

McQueen and Marsh,(1) by Rice, et al., (2) and by Walsh and Christian(3 )

provide data up to pressures of about 2 megabars. For some metals recent

Soviet experiments by Al'tshuler, et al. ( have extended the peak pressures

to 4 and 5 megabars. These data agree to within a few per cent with values

extrapolated from McQueen's measurements, and depending upon the

accuracy desired, such extrapolations can be used to extend all McOueen's

experimental Hugoniot limits to 5 megabars. This procedure has been

adopted in formulating all Hugoniot equations in the low-pressure region.

If impact velocities are such that peak shock pressure are below

10 megabars, a Mie-Grilneisen equation of state of the following form

adeqiately completes the thermodynamic description of the material:

P-Po V(E o)" ()

In this relation P and E0 are the pressure and specific internal energy at
0

0 reterence temperature, and G, the GrIneisen coefficier.t, is a function

only of the volume. By differentiating Eq. (1), the Griineisen coefficient

can be defined as

,SP V (Z)

The first expression in particularly useful, as in the present calculations,

since the independent variables are specific internal energy and specific

volume (E, V). Solution of Eq. (2) gives a modified ,ie-Or~neisen equation

j of the form

P. -(V) + f(V) (3)

References are listed on page 139.
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"Ihis exprel*s '-i .. i , I 'rt I Eq. (1), c,.cpt tf-ir A Ju- l tilu (f integrt ion

f(V), wH-ch is determined by substituutiun •f tho -- ,it ....... .. y

relations into Eq. (3). This procedure iti used in Appendix A to d rive a

low-pressure equation of state that is useful from 0 to about 5 megabars.

Equation (3), however, proved to be the mlst amenable relation for developing

a single equation of state for both low and high pressures.

III. HIGH-PRESSURE EQUi.TION OF STATE

The Thomas-Fermi and Thomas-Fermi-Dirac statistical theories of

the atom have been modified extensively for both temperature dependence

and exchange effects in the search foi an ce.kuation of state for compressed

materials. (5, 6, 7) A very complete descripti, of this method given by

Cowan and Ashkin(8) includes both temperature dependence and exchange

effects, but lacks sufficient computed results. Latter, on the other

hand, has presented a more adequate display of data, but his calculations

neglect exchange effects and are limited to high temperatures. It is

possible, however, to correct both Thomas-Fermi and Thomas-Fermi-Dirac

low-temperature data by use of the experimental shock-wave measurements

discussed in Section II. As a result, Thomas-Fermi results can then be

used through an extended range of pressure with a greater degree of

confidence.

In the low-pressure region, Eq. (3) is a goo3 equation of state for

solids, but as the energy increases, the assumption that the Gr{ineisen

coefficient is a function only of the volume can no longer be justified. This

is evident from the Thomas-Fermi calculation of the variation of pressure

with energy at constant volume and can also be observed in the behavior

of (PV/E + 1). which is a qualitative measure of how similar a material is

to an ideal gas at a given temperature (or energy). For shock compressions

less than the asymptotic value, a single-variable representation of G from

Thomas-Fermi results would be quite diffiLult mathematically as well as
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being 'xceeclngly tenuous thermodynamically Although any pair of thermc-

dynamic variables would prove sufficient. the most convenient for the

present use are specific internal energy and volume.. For completeness,

it can easily be shown that a Gruneisen coefficient of two variablee G(E, V)

is compatible with Gruneisen's postulates for zer(i pre: sure. In the j

Mie-Griuneisen theory for a monatomic solid, the thermal p~ressure of a

crystal lattice is given by

YET

P T (4)

where y is defined as the negative relative variation of the characteristic

temperature (or of the lattice frequency from 0 = hv/k) with the volume,

i.e., y = (8 In 0/8 in V). In Eq (4) consider y a function of both energy

and volume, and then differentiate with respect to energy. This gives

BE T V V-ýT V(5)

If the second term on the right-hand side can be neglezted, this is equivalent

to Eq. (Z) At zero pressure, where the thermal energy ij zero (and T = 0),

the equation strictly satisfies Grineiseu's postulate that y (or G ior bulk

material) is independent of temperature. (1O)

The analytic equations of state presented in this report provide a

best-fit extrapolation between Thomas-Fermi-Dirac data(11) at high

pressures (above 50 megabars) and experimental data at low pressures.

T1ese equations are quite sufficient for impact pressures of 0 to about

1000 megabars and are accurate to within 3% to 5% below 5 megabars and

within 10% for all other pressures. As an example, the ilentropic expansion

of tungsten that hat been shocked to 590 megabara produces a pressure of

46 megabars at V = V 0 according to Thomas-Fermi calculations, The

computed pressure from the tungsten formulation is 49 megabars, an error

of only 6. 5%.
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!V. kijtu's " INTEREST ON THE P, V, E SIJ.F'•'

The impact interaction fur which the equations of state are valid is

limited to an adiabatic proceos. This is in accordance with the so-called
(Iz)

ballitiýt "()del of. impact. The equation, d•r, n.t ;i, A -. i -c- , . , , i

heat or energy sources during the compression, or shock, phase of the

interaction, and the subsequent expansion of material is isentropic. The

compression is governed entirely by the Hugoniot conditions, which are

necessarily consistent with conservation of mass, energy, and momentum.

Specifically, the equations of state have not been formulated for strong

isentropic compressions from any source whatever.

The formulation ham two independent variables in the form P(E, V),

where E and V are the specific internal energy and specific volume,

respectively. In the P, V plane, the regions of interest are shown in Fig. 1.

For reasons discussed in the previous paragraph, Region I to the left of

the Hugoniot curve (high isentropic compressions), is excluded from the

formulation. Region II represents the compressed phase of the material

and extends vertically to shock pressures of about 1000 megabars. Region III

describes material that has been shocked to an energy less than the

sublimation energy and will, therefore, return to zero pressure as a solid.

There is no provision in the formulation for describing material under tension,

as would be indicated by a negative pressure. (A useful numerical procedure

would be to set negative pressures equal to zero), Region IV is the expansion

phase of the material and is repreuented by an equation different from that

of Region II but continuous in pressure and its derivatives across the change-

of-phase lint. Thia change of phase line is placed conveniently at V = V0

for energies greater than the sublimation energy. For large specific

volumes, the formulation for Region IV extrapolates to an ideal- gas limit.
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r 1}-(MIJLATION OF THE EQUATION-OF-STATE DATA

)Tb,- equation of state presented in this report has the same basi.-

format for all metals and differs among the various rnetal! only by choice

uL nurmerical ,.oustaints. For compressed material, there are five constants

used in the formulation, three of which are determined directly from material

properties. The remaining two are then adjusted numerically by an IBM-7090

computer code to arrive at an optimum fit of the data. The code provides

for computing as many as twenty materials or twenty variations of parameters

during a single run. Two other constants are added for the expansion phase

to ensure proper behavior of the equation. The mathematical expressions

for the equation of state, with limits and constants obtained for each metal

along with their graphic presentation, are given in Appendix B. For each

metal, a Hugoniot curve with five isentropes and five isoenergy curves are

calculated and listed in tables of pressuure (P), normalized volume (V/Vl,
0'

and specific internal energy (E), which are reproduced for reference)in

Appendix C. The analytic equations and a discussion of the choice of
constants fo~regons II, HII, and IV are presented below. '

REGION X

The equation of state for Region II has the form

p = Eb ) + A4 + , (6)

E 0

where P the pressure in megabars,
3

E = the specific internal energy in megabars-cm /g,

V = I/p, the specific volume in cm 3/g, g

71= p/po = V 0 /V'whe're p0 is th• normal density, and

=A- 1.

I--
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TL,= -. unwlLanr a, o, and A are derived a priori to fit special equation-of-

state data for each rmaterial. E 0 and B are then adjusted to provide the

best over-all P, V, E surface. The basic form of this e iuatioi, is P =

G(E, V)Ep + f(V), which is a generalization of Eq. !3) with an energy- and

volume-dependent Griineisen coe;ýicient. The volurne-deperAdent terms

equivalent to I(V) are derived from the behavior at low pressures.

At zero pressure on the Hugoniot curve, which coincides with the
i2

zero-energy reference state, A must be equivalent to poC . In this relation,

C is the speed of sound determined from shock measurements, which give

the shock speed, Us, in terms of the particle velocity, U p; i.e.,

U = C+SU , (7)5 p

where S is an experimental constant. At U 0, the shock speed is sonic
p

and equals the experimental constant C. Although less consistent, an

alternate value for C is the "adiabatic sound speed, " CZ = (aP/ap) , which
(13)

is calculated from data of Bridgman and appropriate thermodynamic

data. For materials undergoing a polymorphic change of phase, the U 6

versus U relation of Eqj. (7) no longer adequately represents the data, so
p

the alternative value of C is perhaps preferable. The value of C used in

calculating A should be consistent with the low-presaure data, since the
2

slope of the Hugoniot curve at zero energy is proportional to (OP/9p) = C

With a proper choice of C, the Hugoniot curve then has a correct slope at

the zero reference state,

The Graneisen coefficient, G., at zero pressure is used to determine

b from the condition that a + b = G The value of a is independently

obtained from the asymptotic Thomas-Fermi value of the variation of

pressure with energy at maximum compression; i. e. , an aiyrnptotic

Griuneisen coefficient. At very high energies, this provideo a measure of

the ideal-gas-lik, behavior of the material. In nearly all cases, a = 0.5,

which gives a fivefold compression for the volume asymptote. The

Hugoriot pressures of all the metillic elements presented here actually

I(



overshoot the 'true" asymptotic value but then, at high energies, converge

back to it. This true asyrmptote corresponds to an ideal-gas ratio of

specific heats of 5/3 (like a monatomic gas), which indicates a fourfold

compression under strong shock conditions, This correspondence ,ccurs ata

pressure considerably above the 1000-rnaegabar limit intended for the

equations. As a consequence of the overshoot, a value of a of 0. 5 is used

for all metals except thorium and beryllium, which require values of 0. 4

and 0. 55, respectively, for an acceptable representation of the data.

7_ REGION III

In Region III, the energy produced by the shock has been insufficient

to produce a change of phase in the material, and the hydrodynamic processes

remain elastic. In a two-phase (solid, gas) model, material that undergoes

shl,-k and then reaches normal volume (V/V0 = 1, E > 0) isentrrpically

with energy less than some characteristic energy E , will return to zero

pressure and remain solid. This energy, E., is defined as the sublimation

point and is determined (at zero preasure) from thermodynamic data of

each material and is equivalent to the total heat at the boiling point. A

more reasonable value might be El = E + t Ev' where e is the fraction of

vaporization energy to be added to E to guarantee a gas-like behavior aus

p -. 0. In some cases, it is actually advantageous to pick an a somewhat

greater than zero, as will be seen in the fullowing discussion of Region IV.

The form of the equation of state in Region III is, then, identical to

that in Region II. The differences exist only as a consequence of defining

a change of phase of the material. In numerical calculations, the situation

is controlled simply by testing for specific volume between normal and V5

and then determining the energy. If E is greater than El in this volume5

increment, the material is a gas. In this case, the change of phase is

approxinmated as an isoenergy curve, rather than as an iszntrope,with a

zero-pressure energy equal to E.. The error in total energy (i. e. , - PdV)
e

encountered by using this :-pproxirnatlon is very slight and is probably not
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worth the programming effort necessary to correct it. However, the

decision must depend on the irntended application.

REGION IV

SThis region represents the gas phase of the material and has an

equation of state of the form

P' = aE +I bE ._+A -p[(V/VO)- 1][-[vv 0e] (8)
E 0 1

where a and P are constants controlling the rate oi convergence to the ideal

* gas. The other constants -and variables are defined in the same manner

as in Region II. The exponential factors attenuate the bracketed function

and thus force the second term in the equation to appreach zero at large

volumes. The remairing aEp term is then equivalent to the ideal-gas form

(y - l)Ep. In most cases, the choice of a corresponds to a y of 1.5, which

is quite reasonable for real gases.

Across the change-of-phase line at V09 it is desirable that the

pressure and its first derivatives be continuuus. It can easily be shc.wn

that these conditions are fulfilled for the above formulation. There is a

.difficulty, however, at volumes slightly greater thai. Vol in that the above

equation is not monotonic at low energies and can even go negative before

the exponential attenuation damps the negative term. If, on the other hand,

the change-of-phase energy can be properly chosen, the ill-behaved region

can be excluded from the formulation. In most cases, the boiling-point

energy proved adequate, and in no case was it necessary to add more than

20% of the vaporization energy to obtain an adequate behavior.
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Appendix A

A LOW-PRESSURE EQUATION OF STATE USEFUL

FROM 0 TO 5 MEGABARS

In the Mie-Graneisen equation of state, which is given in the form

P = G(V) Ep + f(V), (9)

both volume-dependent terms, G(V) and f(V), must be evaluated to give a

quantitative thermodynamic description of the material. In addition to

P, V, E data, the Graneisen coefficient, G, can be calculated( O)() from shock-

wave measurements by use of the Dugdale-MacDonald relation, which gives

G as a function only of the volume, in agreement with Grfineisen's original

postulate. (10) On the other hand, the function of integration, f(V), can be

solved more generally from boundary conditions in the P, V, E surface.

For present purposes, this is accomplished by use of the Rankine-

Hugoniot conservation equations, i. e.,

POUs PH (Ua - U) , (10)

U2 2

0 ~PH+ pO(.UP +0 +(1 1)a P P H ( U

E - E P H +P0 V V
H 0 2 (V0-VH), (12)

where U is the shock-wave velocity relative to the state ahead of the shock
5

front and U is the particle velocity due to the shock. P, p, and E representp
pressure, density, and energy terms, respectively, before (subscript 0)

and after (subscript H) the shock. These equations specify the conservation

of mass, momentum, and energy across a shock interface--the so-called

jump conditions.

'II



For lo.. pressures. an experimental equation of state that accurately

defines the pressure to within a few per cent in terms of the particle velocity,

U , is given byp

P : aU + PU (13)
P p

By eliminating the velocities btAween Eqs. (10). (11), and (13), the Hugoniot

pressure can be written( I) as

0 v

V0

For a zero reference state of E0 = P = 0 at normal density, Eq. (12) can

be rewritten

E PHV0 ( V
H -- (V0 - VH= -V0). (15)

At any pressure on the Hugoniot L-urve, the equation of state must

be valid and Eq. (9) becomes

PH = G(V) EHP + f(V) , (16)

from which the function f(V)can be evaluated by substitution of Eqs.(14) and

(15)into (16). This gives

V 2

f(V) = - V0 )2  1 -. 9-) V0) (17)

where = - V/V0. The completed equation of state is
00a2

P= G(V)Ep+ V1 0 G-' V) j • (18)
(I - AVe0 )2 v°
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The experimental cLnstalts to and • and the Gruineiien coefficient are

characteristic of each material. In recent calculations, G(V) as a linear

function of the volume G = 41 + wV/V 0 has proved quite adequate. Values

of cr, p. •, and w are given in Table I for a few common metals.

Table I

EQUATION OF STATE CONSTANTS

PO C1 0
Metal (g/cm 3 ) (g/cmZ-sec) (g/cm3 ) W/ •

W 19.17 7.68x10 6  24.31 0.2 1.34
Cu 8.90 3.52x 10 6  13,32 0.5 1.5
Ti 8.86 4. 12x 106  12.80 0.5 0.6
Pb 11.34 2.30x 106  17.20 0 2.77
Ni 8.86 4.12x10 6  12.8 0.8 1.03

The equation of state is accurate to within a few per cent up to about

5 megabars. Further extrapolation exceeds the experimental limit, but

the equation has been uced without excessive error for peak pressures up

to 10 megabars. This has recently been confirmed by comparison with the

generalized equation of state presented in this report.

S_

I!
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Appendix B

EQUATIOA OF STATE WITH GRAPHIC PRESENTATION

OF PRESSURE DATA

The equatino of state with limits for Regions II, III, and IV is given

below. The constants obtained for each metal are listed in Table 2 and

some relevant material properties are listed in Table 3. These are followed

by graphic representations of the computed pr ýssures (Figs. 2 through 21).

Two figures showing the Hugoniot curve and four isentropes are given for

each metal. In addition, two graphs showing several isoenergy curves are

given for tungsten and copper at volumes greater than V On each Hugoniot

curve Thomas-Fermi and shock-wive, check-point data are also shown.

Tabular equation-of-state data are presented in Appendix C.

The formulation is believed to be accurate to within 5% of the Hugoniot

pressure and to within about 8% of the isentrope pressures. All the check

points comput-d and plotted to date are within these error limits. Perhaps

more significant, however, is the simplicity of the equation, which has

made it very useful for numerical calculations of hypervelocity impact.

EQUATION-OF-STATE FORMULATION FOR REGIONS II AND III

P= (a+ E b ) +A,+ BA

where

V/V < I for all E > 0, , (Regiou U)
* 0

and

V/V, < V for E < E' (Region III)
0 s

15
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EQUATION-OF-STATE .'ORMULATION FOR REGION IV

P a~p bEp -0f/V)1J-t(V/V 0 )- 1 2

P aE +4 +Ae-ft((V/Vo)-l} e-[Ilo-z

where

I < VlV < V for E > E'

and 0 s a

V/V0> V for all E> 00~ a

Table 2

EQUATION-OF-STATE CONSTANTS

Eo E&
A B (snegabar- (mnegabar- Vol

Metal a b (m- eabar) (megabar) cm 3 1g) a .3 cm 3 /g) (cml/g)

W 0.5 1.04 3.08 Z. 5 0.2Z5 16 10 0.01135 1.11

C" 0.5 1.5 1.39 1.1 0.325 5 5 0.0138 1.18

Fe 0.5 1.5 1. 279 1.05 0.095 5 5 0.0Z44 1.21

Al 0.5 1.63 0.752 0.65 0.05 5 5 0.03 1.1

Be O.55 0.62 1.1734 0.55 0. 175 5 5 0.100 1.1

Ti 0.5 0.60 1.03 0.5 0.07 5 5 0.035 1.09

Ni 0.5 1.33 1.912 1.5 0.09 5 5 0.0Z85 1. 11

MU 0.5 1.02 2.713 1.65 0.045 5 5 0.0Z8 1.08

Th 0.4 0.86 0.531 0. , 0.025 9 0.88 0.02 1. 15

'Approximate values calculated from Eq. (6) with B - 0.

-y
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Table 3

MATERIAL PROPERTIES

Normal Boiling Characteristic
Density. Point, Energy at BP,

30 P EBP
Metal (g/cm3 ) (K) (megabar -cri/g)

W 19.17 5800 0.011322

Cu 8.90 2855 0.01380

Fe 7.86 3160 0.024106

Al 2. 70 2720 0. 02979

Be 1. 845 2750 0. 0895

Ti 4. 51 3550 0. 02609

Ni 8.86 3110 O.02014

Mo 10.2 5100 0.02134

Th 11.68 4500 0.008787

ii

i
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TRI-SERVICE IMPLETATION OF DOD INSTRUCTIONS

The DoD Instructions listed on the attuched letter have been implemented
as indicated:

D-.D Instruction 5200.20, 29 March 1965 - (Army) AR 70-31, 21 July 1965
(Navy) NAVIIAT In3t 4000.17, 9 June 1965
(Air Force) AFH 310.2, 12 July 1965

DoD Instruction 5100.36, 29 March 1965 - (Army) AP. 70-i1, e October 1965
(Navy) SECNAV 3900.k4A, 4 August 1965
(Air Force) AFR 80-29, 18 May 1964 (under

revision)I I
_ _ _ _ _ .
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Appendix C

TABULAR DATA FOR EQUATIONS OF STATE



TUNGSTEN

E~.k4ATICt4 CF STAIIE

AC. 10 WCul a 0£

[-o RHOIt% AMtI R'
1.0400 1901700 3.00 fla0Ooohe

I HUGCNICT PRESSUKES

V/Vo PRESSURE trMdl Lt.:,ERGY (VM8-Clcm(?)
11.0000 0. 0.

00.q71r 000w2241 C.00000'iL2
9069s00 0.176165 0.00022974

0.9250 0.283862 O600055S28
50.9000 0.407894 0.00106188
60.87?50 0.551428 0*0017978"
I0.814OO 0.7ll414 0.0028106'9

*0.8250 0.913823 O0900417107
50.8000 1.14398toC050I.

00.7750S 1*41-043 O*CO83l',I;s
11 0.7500 1.74;620 0.0ILWP46j
it 0*.72' 1'.137757 0.0t513i141
13 0.7000 ?.7610300 0.02048147
14 0.6750 3o219'162 0.02672276
14; 0.67)00 3.9'#1409 0-0160?227
18 0.6250 4*aY'J35ui 0.0478320'e)

17 0.11so00 6.100637 0.06364?75
1I ()0.5500 9.819169 0.11524945
20 0I.5250 12.734440 0.1ý~7168R,7
2L 0.5000 16.813756 0.21927170
22 0.4190 22*640578 0.310023S3
?1 0.4500 31.11,3010 0.4'.632640
24 0.4250 43.614580 0.65410488
25 0.4000 62.314733 0.9r519135
16 0.3750 90.766769 1.47963SS2
2? 0.3500 135.1OR044 2.214192021

280.325- 207.392063 3.6S126(445
2') 0.3000 332.290359 6*06685%.17
10 0.2750 S70.771545 10.79314,423
31 0.2500 1112.291840 21.75844594i

41
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TUNGSTEN

2. 1 ISENTROPE PRESSURES

VfVO PRESSURE INBI ENERGY (MB-CC/GM)1 f,.9s00 0.176165 0.000229742 0.,970 0.082551 0.00006386
3 1.0000 0.000362 0.00001227

TUNGSTEN

1. 2 ISENTROPE PRESSURES

ViVO PRESSURE (NI) ENERGY (NB-CC/Gmp1 0.8790 O.551428 O.O01797822 0.9000 0.411494 0.00117422
3 0.9250 Oo289136 0.000721084 0.9750 0.181978 O.00041713
5 0.9750 0.087996 O.000243926 1100000 0005472 0.00016544

TUNGSTEN

2. 3 ISENTROPE PRESSURES

V/VO PRESSURE (ImB) ENERGY (M--CC/GM)1 0.8000 1.143985 09005967572 0.8250 O.929681 0 004622153 O.lso0 O.?43300 0.003537064 0 31750 0.530644 4,0026763
5 0. 9000 0.430956 0.002017976 0.9250 O.314612 0001533227 0.9500 0.206012 O.00119380
a 099750 0.110520 0.00099035
9 1.0000 O.026599 O 00090344

II
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TTUNGSTEN

S1. 2 ISENTROPE PRESSURES

V/VO PRESSURE (MB) ENERGY (MB-CC/GM)
1 0.7250 2.137757 0.01533341
2 0.7500 1.796937 0.01277892
3 0.7750 1.502545 0.01063692
4 0.8000 1.247483 0.00885179
5 0.8250 1.025885 0.00137631
6 0.8500 0.832873 0.00617021
7 0.8750 0.664372 0.00519904
8 0.9000 0.516960 0.00443316
9 0.9250 0.387751 0.00384708

10 0o9n00 0.274299 0.00341874
11 0.975o 0.174526 0.00312901
12 1.0000 0.086655 0.00296127
13 1.0250 0.009167 0.00290105

TUNGSTEN

2. 5 ISENTROPE PRESSURES

V/vO PRESSURE (MBI ENERGY 4MB-CC/GM)
1 0.6500 3.951460 0.03607227
2 0.6750 3.376909 0.0313L367
3 0.7000 2.884840 0.02724725
4 0.7250 2.461675 0.02377495
5 0.7500 2.096389 0.02081460
6 0.7750 1.?79972 0.01829696
7 0.8000 1.505013 0.01616348
a 0.6250 1.265379 0.01436431)A
9 0.8500 1.055968 0,0128569210 0.8750 0.672514 0.01L60485

11 0.9000 0.711430 0.01057671
12 0.9250 0.569669 0.00974544
13 0.9500 0.444724 0.00908756
14 0.9750 0.334350 0.00858267
Is 1.0000 0.236698 0.00821305
16 1.0250 0.150167 0.00796320
17 1.OSO0 0.073376 0.0078L956
18 1.0750 0.005142 0.00777024



S44 TUNGSTEN

2. 6 ISENTROPE PRESSURES

V/VO PRESSURE (148) ENERGY (MB-CC/GP!)
1 0.6000 6. 100637 0.06364"775
2 0.6250 5.246573 0.05627985
3 0.6500 4.520051 0.049q3708

0 0.067?0 3.8989C5 0.04*46872
9i 0.7000 3.365394 0.01974974
6 0,,7250 2.905205 0.03567588
7 0.7500 2.S06707 0.03215961
S0.77150 2.160384 0.02912712

0.8000 i.858398 0.0265151V
10 0e8250 1--594260 0.02427230
11 0.8500 1.362564 0.0223510*
12 0.8750 1.158782 0.02071282
13 0.9000 J.979106 O.01932387
14 0.9250 0.820319 0.01815496
is 0.9500 0.679686 0.01718073
1 0.9750 0.55*880 0.01637911

1.0000 0.443908 0.01573081

tXPANSION PHAýc - ISNIACPE ABOVE FSLIM liMu a C.

In 1.0000 0.*44390e 0.01573081
19 1.0500 0.304812 0.01483676
20 1. 1000 0.245377 0.01413419
21 1.1500 O.214613 0,01352601
22 1.2000 O. 190596 0.01298113
23 1.2500 0.166956 0.01249867
24 1.3000 0.143748 0.01208108
25 1.3500 O.122623 0.01172563
26 1.4000 0.104836 0.01142444
27 1.4500 O.090768 0.01116710
28 1.5000 0.080122 0,01094332
291 1.6000 0.066426 Oo01056542
3( 1.7000 U.058530 0.01024229
.31 1.8000 0.0.3156 0.00995?37
3? 1.9Coo 0.04k895 0.00968696
31 2.0000 0.045254 0.00,44193
44 2.1000 0.042059 0.00921462
Is 2.2000 0.039224 0.00900296
36 2.3000 0.036695 0.00880525
3T 2.04000 0.03*426 0.00062000
38 2, n00 0.032382 '0.00844597
39 2,6000 0.030532 0.00828207
40 2,7000 0.028852 0.00812735
41 2.8000 0.027321 0.000798099
42 2.900C 0.025920 0.0078422543 3.0000 0.024635 0.00771051

44 3.1000 0.023451 0.037585.9
45 1.2000 0.02?362 0.0074657846 3.3000 0.021354 0.00735184
47 3.4000 0.020419 0.00724296
48 3.5000 0.019550 0.00713870
49 3.6000 0.018741 0.00703897
50 3.7000 0.017987 0.00694323
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TUNGSTEN

EXPANSION PHASE - ISVENERGY ABOVE ESLIM

51 L.0000 0.,43908 0.0157308 1
52 1.1000 0.281726 0.015730G1
53 1.2000 0.238246 0.0J1573081
.54 1.3000 O.L89317 0.01573081
55 194000 0.144223 0.01573081
56 1.5000 O.114782 0.01573081
57 1.6000 0.098702 0,015573081
5fl 1.7000 0.089828 0.01573081
5s) 1.8000 0.041002 0.01573081
60 k. 9000 0°079398 0, 01 57 40111
61 2. 0000 0.07S396 CoOi573081

r,6 2 1000 0.071801 0.01573081
S63 2. 2000 0.068536 0.0W H3081
I64 2. 3000 0.065556 0.01573081l

fs 2, 4000 O, 062825 O,0. L573081
66 2. 5000 0.060312 0.01 573081
67 2. 6000 0.057992 0,,01.57308 1

68 2 YO00 0.055844 0.01573081
& ,9 2. 8000 O. 053850 0.01l573081
TO 2. 9000 0.051.993J 0.01|573081
71. 30o0000 0,. 0 50 2 It. rO OO157308 1



46 TUNGSTEN

1. 3 ISENTROPE PRESSURES

V/VO PRESSURE IMB) ENERGY 4MB-CC/GM)
1 0.5750 7.689814 0.08524180
2 0.6000 6.627786 0.07594578
3 0.6250 5.727742 0.06792190
4 0.6500 4.960719 0.06097931
5 0.6750 4.303711 0.05496072
6 0.7000 3.738297 0.04973555
7 0.7250 3.249599 0.04519475
8 0.7500 2.825521 0.04124671
9 0.7750 2.456159 0.03781405

10 0.0000 2.133348 0.03483108
11 0.8250 1.850323 0.03224178
12 0.8500 1.601445 0.02999018
13 0.8750 1.381987 0.02805900
14 0.9000 1.187971 0.02638861
15 0.9250 1,016030 0.02495616
16 0.9500 0.863305 0.02373482
17 0.9750 0.727357 0.02270122
1i 1.0000 0.606097 0.02183490

EXPANSICN PHASE - ISENTRCPE ABOVE ESLIM BMU - 0.

19 1.0000 0.606097 0.021e3490
20 1.0500 0.446404 0.020'•,#4G4
21 1.1000 O.365926 0.01948981
22 1.1500 0.315280 0.01858580
23 1.2000 0.273500 0.01779596
24 1.2500 0.234738 0.01711316
25 1.3000 0.199204 0.01653252
26 1.3500 0.168424 0.01604377
27 1.4000 0.143328 0.01563210
28 1.4500 0.123881 0.01528124
29 1.5000 0.109341 0.01497622
30 1.6000 0.090780 0.01446092
31 1.7000 0.080073 0.0).401925
32 1.8000 0.072749 0.01362257
33 1.9000 0.066925 0.01325932
34 2.0000 0.061943 e.01291393
35 2.1000 0.057569 0.01261279
36 2.2000 0.053689 0.01232308
37 2.3000 0.050227 C.01205245
38 2.4000 0.047122 0.01179890
39 2.5000 0.044324 0.01156069
40 2.6000 0.041792 0.01133634
41 2.7000 0.039492 0.01112456
42 2.8000 0.037396 0.01092422
43 2.9000 0.035479 0.01073433
44 3.0000 .0.033720 0,01055399
45 3.1000 0.032102 0,01038246
46 3.2000 0,030609 O.01021902
47 3.3000 0.029229 0.01006306
43 3.4000 0,027949 0.00991403
49 3.5000 0.026760 0.00977142
50 3.6000 0.025653 0.00963480

I'
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TUNGSTEN

EXPANSION PHASE - ISO0NERGY AROVE ESLIM

S1 1.0000 0.606097 0.02183490
52 1.1000 0.417512 0,02183490
$53 1.2000 0.341192 0.02183490
54 1.3000 0.263363 0.0218349055 1.4000 0.198982 0.02183490
5b 103000 0.158510 0.02183490
58 1:6000 0.136681 0.02183490
58 1.7000 O.124&9L 0.0218349b
59 1.8000 0.1165?6 0.0218349060 109q000 O. 110203 0.02183490
6 2.*0000 0.104651 0.02183490I62 2. 1000 0.099662 0.02183490
63 2.2000 0.095131 0,02183490
64 2.3000 0.090995 0.02183490
65 2.4000 0.087203 0.02183490
66 2.5000 0.083?15 0.02183490
67 2.6000 0.080495 0.02183490
68 2.7000 0.077514 0.02183490
69 2.8000 0.074746 0.02183490
70 2.9000 0.072168 0.02183490
71 3.0000 0.069762 0.02183490



TUNGSTEN

*1. 4 I •FNTinPS- Pa F cmaFi I
V/VO Pi ESSURE IMB) ENERGY IMB-CC/GM)

t 0.4250 43.614580 0.65410488
2 0.4500 37.598271 0.60145042
3 0.4750 32.6SS945 O.55857509
4 0.5000 28,S54115 0.51614T69
5 0.5250 25.118348 0.48129798
6 0.5500 22.216413 0.4505523?
'y 0.5750 19.746739 O. 42 32U8 '1 0
' 0.6000 17.630359 0.39899535

0.6250 15.805208 0.37725984
10 0.6500 14.2220L2 0.35773585
Ii 0.6750 12.841288 0.34013572
12 O.7000 11.631132 0.32421703
13 0.7250 10.565555 0.30977800
14 0.7500 9.623237 0.29664261
15 0.7750 8.786564 0.28466322
16 0.8000 8.040894 0.27371225
17 0.8250 7.37398? 0.26367955
1R 0.8500 6.775531 0.25446957
19 0.8750 6.236838 0.24599905
20 0.9000 5.750507 0.23819519
21 0.9250 5.310227 0.23099405
22 0.9500 4,910591 0.22433933
23 0o9750 4.546942 0.21818122
24 1.0000 4.215257 0.212471555

EXPANSION PHASE ISENTROPE ABOVE ESLIM BMU - 0.

25 1.0000 4.215257 0.21247555
26 1.0500 3.641212 0.20229216
27 1.1000 3.146736 0.19340187
28J 1.1500 2.705637 0.18572829
29 1.2000 2.313871 0.17915191
30 1.2500 1.975523 0. 17354311
31 1.3000 1.6q3901 0.168756.34
12 1.3500 t.467935 0.16464038
.11 1.4000 1.292080 0.16105254
14 1.4500 1.017922 0. 15 786,)52
11) 1.5000 1.056150 0.15499263
.6 1.6000 0.916905 O.14992077
47 1.7000 0.824302 0.14541481
18 1.8000 0.753369 0.14131704
39 1.9000 0.694050 0.13FS519)
40 2.0000 0.642563 0. 13407308
41 2.1000 0.597218 0.13084539
42 2.2000 0.556976 0.12783998
43 2.3000 0.521059 0.1250324544 2.4000 0.488843 0. 12240204

45 2.5000 0.459815 0.11993086
46 2.6000 0.433550 0.11760350
47 2.7000 0.409693 0.11540651
48 2.8000 0.387947 0.11332817
49 2.9000 04368058 0.11135817
50 3,(0O0O 0.349812 0.10948744



I

j 
TUNGSTEN

EXPANSION PHASE - ISOENERGY AHOVE ESLIM

51 1.0000 4.215257 0.21241555
52 1.1000 3.384498 0.21247555
53 1.2000 2.653306 0.21241555
54 1.3000 2.062556 0.21241555
55 1.4000 1.665726 0.21247555
56 1.5000 1.431337 0.21247555
57 1.6000 14293951 0.21247555
58 1.7000 1.202154 0.21241555
59 1.8000 1.132395 0.21247555
60 1.9000 1.072037 0.21247555
61 2.0000 1.018309 0.21247S55
62 2.1000 0.969801 0.21247555
63 2.2000 0.925718 0.21247555
64 2.3000 0.885469 0.21247555
65 2.4000 0.848574 0.21241555
66 2.5000 0.814631 0.21247S55
67 2.6000 0.783299 0.21247555
68 2.7000 0.754288 0.21247555
69 2.8000 0.727349 0.21247555
70 2. )000 0.702268 0.21247555
71 3.0000 0.678859 0.21247555

I" ""II-_



T'1",N, ;STEN

1. |ISENTROPE PRESSURES

V/VO PRESSURE (MB) ENERGY IMB-CC/GM)1 0.2750 570. 771&• r-TA
0.3000 47F.262550 10.117191433 0.3250 405.570992 9.54672241

4 0.3500 349.393299 9.058175565 0.3750 304.541531 8-634524466 0.4000 268.148048 8.263169887 0.4250 238.197260 7.934592728 0.4500 213.239767 7.641468649 0.4750 192.212131 7.3780705310 0.5000 174.320061 7.1398556211 0.5250 158.960667 6.9231739612 0.5500 145.669783 6.7250589713 0.5750 134.085337 6.5430740114 0.6000 123.921545 6.3751987815 0.6250 114.950390 6.2197434916 0.6500 106.988149 6.0752835317 0.6750 99.885429 5.94060916i8 0.7000 93.519733 5.8146860019 0.7250 87.789838 5.6966242220 0.7500 82.611491 5.5856538421 0.7750 77.914101 5.4811050922 0,8000 73.638145 5.3823922923 0.8250 69.733148 5.28900105
24 0.8500 66.156064 5.2004776025 0.8750 62.870002 5.1164198526 0.9000 59.843188 5.0364703527 0.9250 57.048132 4.9603100428 0.9500 54.460949 4.8876531129 0.9750 52.060800 4.8182428540 1.0000 49.829442 4.75184792

EXPANSION PHASE ISENTROPE ABOVE ESLIM BMt 0.
31 1.0000 49.829442 4.7518479232 1.0500 45.774699 4.6274258533 1.1000 42.159921 4.5129599634 1.1500 38.930805 4.4073996535 1.2000 36.057096 4.3097885336 1.2500 33.514774 4.2192314337 1.3000 31.276743 4.1348954438 1.3500 29.310456 4.0560251539 1.4000 27.579730 3.9819564B40 1.4500 26.048122 3.9121223741 1.5000 24.682021 3.8460490142 1.6000 22.337837 3.7239322143 1.7000 20.376935 3.6128837244 1.8000 18.698579 3.5112350645 1.9000 17.241633 3.4177082246 2.0000 15.965149 3.33h17263

47 2.1000 14.838840 3.2510753348 2.2000 13.839001 3.1764007549 2.3000 12.940598 3.1066432050 2.4000 12,14G136 3.04128605



L 
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r
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TUNGSTEN 5

Z^;91iUit o'i'OAbS:- ISOENERGY AROVE ESLIM
51 1.0000 49.829442 4.7518479252 1.1000 44.247343 4.75184792
il 1.2000 39.593528 4.7518479254 1.3000 35,82852 4.7518479255 1.4000 32.8.2200 4.7518479256 1.•5000 30-470692 4.75 104792
57 1.6000 28.495841 4.7518479258 1.7000 26.798717 4,75184792
59 1.8000 259304849 4.75184792
60 2 .9000 23.972018 4,7518479261 Z..0000 22 773257 4o.75 18479262 Z 1000 21.688794 4.7518479263 242000 20.702938 4.75184T9264 2-3000 19,802810 4.7518479265 2*d 006 18,977693 4o75 18479266 2. $000 18.218585 4.75 18479267 2-6000 17. 517870 4.75 18479268 2.7000 16.869060 4.75184792
69 2.8000 16.266594 4.75184792
70 2.9000 15.705677 4.75184792
71 3.0000 15,182154 4.75184792

SI
If

(j



52

COPPER

AC =CM5 aS .C5

L1.00 KHCIN AMU HPU ' SLM1.95000 B,000 1.3900 1.1000 0. 32 00oue

3 HUGONIOr PRESSURES

V/VO PRESSURE (MM) ENEkGY (MS-CC/GM)
1 1.0000 0. 0.

0.9750 0.037320 0.00G05241
S0.9500 0o0R0436 0.00022594

4 0.9250 0.130504 0.00054988
5 0.9000 0.188981 0.00106169
6 0.87s0 0.257720 C.00180983

0.8100 0.33911C 0.00285766
a 0.8250 G.436267 0.00428914

0.8C0i 0.55J327 0.00621715
S O.7750 O.bI9866 0.00879606

I t,. 7,,00 O . f rL5',? 0.01224C9012 ( 77 01.0':1 15.eT. [ R5 6
is C.7000 1.370141 0.02304226
14 0.6750 1.731345 0.0J161162
15 0.6500 2.209351 0.04344229
16 0.6250 2.858016 0.06021101
17 0.6000 3.763189 0.08456603
Il 0.5750 5.063513 0.12089848
1- 0.5500 6.900877 0.17648283
20 0.5250 9.855014 0.26298491
21 0.5000 14.166200 0.39792693
22 0.4750 20.544153 0.60593705
23 0.4500 29.817452 0.9213256924 0.4250 43.181533 1.39490896
25 0.4000 62.534923 2.10791B59
26 0.3750 91.087672 3.19830281
V 0.3500 134.570353 4.91408551
28 0.3250 203.942570 7.73377669
29 0.3000 322.310871 12.67514586A0 0.2750 546.041351 22*2404465731 0.2500 1L050.198792 44924994564



!

COPPER

14. ISENNTROPE PRESSURES
V/vO PRESSURE (MR) ENERGY tMB-CC/GM)1 0.9250 0.130504 0.00054988

2 0.9500 0.0/80999 0.000255983 0.9750 0.03H035 0.00009154
4 1.0000 0.000701 0.00003952

COPPER

3. L SENTRCPE PRESSURES
V/VO PRESSURE IMB) ENERGY IMB-CC/GM)* 1 0.8750 0.257720 0.00180983* 2 0.9000 0.191377 0.001183323 0.9250 0.133963 0.000730054 0.9500 0.084195 0.00042682

5 0.9750 0.040994 0.00025374
6 1.0000 0.003447 0.00059372

COPPER

4. 2 ISENTROPE PRESSURES

"V/vO PRESSURE (MB) ENERGY (MB-CC/GM)1 .0.8250 0.436267 0.0042899142 0.8500 0.346126 0.003196103 0.8750 0.268387 0.002338004 0.9000 0.201202 0.001682155 0.9250 0.143029 0.001202986 0.95On 0.092575 0.000875267 0.9750 0.048752 0.000679558 1.0000 0.010640 0.00359855

,II



54

(APPWD

V/VO PRESSURE (MBI ENERGY (MB-CC/GM)1 0.7250 1.091152 0.016857682 0.7500 0.913175 0.01405453
3 0.7750 0.761014 0.011713154 0.08000 0.630495 0.009767245 0.8250 0.518206 0.00816108
6 0.8500 0.421335 0.00684761
7 0.8750 0.337557 0.005787008 0.9000 0.264939 0.00494530
9 0.9250 0.201864 0.0042935710 0.9500 0.146976 0.0036069911 0.9750 0.099133 0.00346425

12 1.0000 0.057368 0.00324699
13 1.0250 0.020859 0.00313935

COPPER

4. 4 ISENTROPE PRESSURES

VIVO PRESSURE (NB) ENERGY (MB-CC/GM)1 0.62%0 2.858016 0.060211012 0.6500 2.443517 0.05279467

3 0.6750 2.092945 0.05644755
4 0.7000 1.194971 0,04100711
5 0.7250 1.540550 0.036339126 0.7500 1.322406 0.03233213
7 0.7750 1.134643 0.02889302
a 0.8000 0.972452 0.02594359
9 0.8250 0.831887 0.0234179010 0.8500 0.709691 0.02126002

II 0.8750 0.603L62 0.0194223612 0.9000 0.510045 0.01786423
13 0.9250 0.428451 0.0165507714 0.9500 0.356791 0.01545193is 0.9750 0.293722 0.0145418016 Z.0000 0.238101 0.0137979217 1.0250 0.188958 0.01320080
1o 1.0500 0.145463 0.0127334719 1.0750 0.106902 0.01238110
20 1.1000 0.072663 0.01213074
21 1,1250 0.042217 0.01197101
22 1.1500 0.015105 0.01189194

I,



COPPER

55
3. 3 ISE14TROpE PRESSURES

VOPRESSURE EMBI ENERGY iM8-CC kGv)1 O.S750 -0635 3 0.12089848
,' . . . . .", - • o l O , 1 0 7 ? 2 2 5 4

3 0.6250 3.760842 0.09636607j 4 0.6500 3.257617 0.086544085 0.6750 2.829630 0.078023726 0.7000 2.463773 0.07061332
7 0.7250 2.149551 0.06415409B 0.7500 1.870498 0.058513639 0.7750 1-643738 0.0535809510 0.8000 1.439644 0.04926249it 0*I .8250 1.261589 0,04547895SI12 0.8500 1. 105741 0.04216291

"13 0.8750 0.966912 0.0392566914 0.o000 0.848437 0.0367108115 0.9250 0.742073 0.0344826716 0.9500 0.647930 0.0325353817 0.9750 0.564404 0.0308370118 1.0000 0.490129 0.02935972

EXPANSION PHASE ISENTROPC ABOVE ESLIM eMU s 0.

19 1.0000 0.490129 0.0293597220 1.0500 0.373848 0.0269832821 1.1000 0.293222 0.0250697122 1. 1500 0.237315 0.0235327623 1.2000 O. 197340 0.0222616424 1.2500 0.167394 0.0211866325 1.3000 0. 143772 0.0202646026 1.3500 0. 124306 0.0194682827 1.4000 O.IC7817 0.0187790228 1.4500 0.093701 0.0191823429 1.5000 0.081648 0.0176656230 1.6000 0.062861 0.0167904031 1.7000 0.050272 0.0161239832 1.8000 0.042163 0.0155912933 1.9000 0,036923 0.0151416834 2.0000 0.033338 0.0147451435 2.1000 0.030656 0.0143852236 2.2000 0.028477 0.0140531737 2.3000 0.026605 0.0137440438 2.4000 0.024951 0.0134547639 2.5000 0.023467 0.0131830940 2.6000 0.022126 0.0129272441 2.7000 0.020908 0.0126857542 2.8000 0.019798 0.0124572943 2.9000 0-018783 0.0122407544 3.0000 00017852 0.0120351145 3.1000 0.016995 0.0118394946 3.2000 0.016205 0.0116531247 3.3000 0.01t474 0.0114152748 3.4000 0.014797 0,011.3053249 3.5000 0.014167 0.0111427250 3.6000 0.013581 0.01098692



COPPER

EXPANSION PHASE - ISOENERGY AGOVE ESLIM

:* i.u •0000.490129 0. 0q359'252 1.1000 0.351412 0.02935972
5 31 1.2000 0.275735 0.02935972
54 1.3000 0.221647? 0.02935972
55 1.4000 0.176045 0.02935972
s5 1.5000 0.138422 0.02935972
1)7 1.6000 0.110255 0.02935S72
58 1.7000 0.091139 0.02935972

1.8000 0.078969 0.02935972
1.9000 0.071346 0.029359?261 2.0000 0.066264 0,029359?2

62 2. 1000 0.062522 0.02935972
6 2.2000 0.059478 0.02935972
64 2.3000 0.056829 0.02935972
65 2.4000 0.054444 0.02935972
66 2.5000 0.052262 0.02935972
67 2.6000 0.050251 0.02935972
68 2.7000 0.048389 0.02935972
69 2.8000 0.046661 0.02935972
T0 2.9000 0.045052 0.02935972
71 3.0000 0.043550 0.02935972

Itt

Ij



V/VO 0 R1Y-SIJ,,F IMB) ENERGY IM13-Cr/C.M)
6Iii '4. n)lU 14# U..IbgZ9lI'91

2 O.5S00 8.511485 0.23730011
3 0.5:50 7.389441 0.21505599
4 0.6)00 h.445495 C.,19569649
5 0.6/50 5.646054 O. 17877227
6 0.6500 4.964926 0.16391722
7 0.6750 4.381041 O.15083061

S0.7000 3.878139 0.1•9267,6?
9 0.7250 3.442812 0.129U0905i

1o 0.7500 3.064281 0.11989319
11 0.7750 2.733752 0.11176968
12 0.8000 2.444008 0.10451441
13 0.:250 2.189084 0.09802170
14 0. 8500 1.964023 0.09220112
15 0.8750 1.764683 0.08697492
16 0.9000 1.587589 0,,08227600
17 0.9250 1.429803 0.07804622
18 o.Q500 1.288839 0.071423501
19 0.9750 1.162579 0.01'079823
20 1.0000 1.049212 0,06769728

EXPANSION PHASE ISENTROPE ABOVE ESLIM eMU - 0.

21 1.0000 1.049212 0.06769728
22 1.0500 0.859986 0.06238450
23 1. 1000 0.710659 0.05787004
24 1.1500 0.592764 0.05410001
25 1.2000 0.497566 0.05092953
26 1.2500 0.419534 0.04825169
27 1.3000 0.354776 0.04598523
28 1.3500 0.300693 0.04406551
29 1.4000 0.255524 0.04243849
30 1.4500 0.217998 0.04105728
31 1.5000 0.187104 0.03988039
32 1.6000 0,141552 0.03794948
33 1.7000 0411267B 0.03,849377
34 1.8000 0.094713 O.O',533405P 35 1.9000 0.083246 0.03429938

36 2.0000 0.075164 0.03340722
37 2.1000 0.069401 0.03259428
38 2.2000 0.064506 0.03L8428139 2.3000 0.060280 O.03114267

40 2.4000 0.056535 0.03048728
41 2.5000 0.053173 0.02.987172
42 2.6000 0.050135 0.029292C.
43 2.7C00 0.047376 0. 02 f 744179
44 2.8000 0.044861 0.02822714
45 2.9000 0.042561 0.02773646
46 3.0000 0.040451 002727051
47 3.1000 0.038510 0.02682727
48 3.2000 0.036719 0.02640495
49 3.1000 Vs035063 0.02600197
50 1.4000 0.033528 0.02561689



r

UWPP ER

EXPANS, N PHASE - ISOiNERGY ABOVE ESLXM

51 1.0000 1.049212 0.,06769128
52 1.1000 0.025164 0.0676972B
51 1.2000 0.655603 0.06769728
54 1.3000 0.513958 0.06769726
55 '14000 O.397Qoo 0.06769728
56 1.5000 .$307474 0.06769728
57 1.6000 0.244890 0.06769728
58 1.7000 0.204353 0.06769728
59 1.8000 0.179121 0.06769718
60 1.9%00 0.163157 0.06769728
61 2.0000 0.15Z256 U.06M69728
62 2.1000 0d143976 0.06769728
63 .. 2000 0.1VQ847i 0.06769728
64 2.3000 0.L31019 0.06769728
65 2.4000 0.125531 0.06769728
66 2.5000 0.120503 0.06769728
67 2.6000 0.115867 0.06769728
6B 2.1000 0.011si5 0.06769720
69 2.1000 0.107590 0.06769128
70 2.9000 0.103880 0.06769728
71 3.0000 0. 100418 0.06'169728



3. 4 ISENTROPE PRESSURES

V/Vu PRESSURE IMB) E;4 'GY IMB-CC/GMJ
1 0.42i0 43.l8t533 1.30490896
2 0.4500 37.176691 1.28270882
3 0.4750 32.266514 1.18568957
4 0.5000 28.208096 1.10115655
5 0.5250 24.821124 1.026q9797
6 0.5500 21.969724 0.96153835
7 3.5750 19.550090 0.90343348
0 0.6000 17.481928 0-.:5159396
9 0.6250 15.702427 0.80512872

10 0.6's00 14.161935 0.76330271
11 0.6750 12.820831 0.72550487
12 0.7000 11.647218 0.69122352
13 0.7250 10.615207 0.66002738
14 0.7500 9.703627 0.63155066
15 0.7750 8.895042 0.60548133
16 0.8000 8.174999 0.58155182
17 0.8250 7.531446 0.55953148
18 0.8500 6*954270 0.53922061
19 0.8750 6.434944 0.52044550
20 0.9000 5.966239 0.50305443
21 0.9250 5.542001 0,48691438
27 0.9500 5.156962 0.47190829
23 0.9750 4.806596 0.45793276
24 1.0000 4.487001 0.44489620

EXPANSION PHASE -SENTROPE ABOVE ESLIM BMU - 0.

25 1.0000 4.487001 0.44489620
26 1.0500 3.912744 0.42137198
27 1.1000 3.404947 0.40077291
28 1.1500 2.957557 0.38284780
29 1.2000 2.565496 0.36727960
30 1.2500 2.224654 0.35377502
31 1.3000 1.931316 0.34206044
32 1.3500 1.681755 0.33188094
33 1.4000 1.471997 0.32300149
34 1.4500 1.29777Z 0.31520908
35 1.5000 1.154584 0.30831480
36 1.6000 0.943370 0.2966440537 1.7000 0.3C4300 0.28691529
38 1.F0oo 0.710265 0.27846689
39 1.9000 0.642630 0.2709041I
40 2.0000 0.590167 0.26400176
41 2.1100 0.546782 0.25762989
42 2.2000 0.509375 0.25170764

S43 2.3000 0.476363 0.24617861
44 2.4000 0.44686T 0.24099924
45 2.5000 0.420321 0.23613365

S46 2.6000 0.396309 0.2315512447 2.7000 0.374501 0.22722555
48 2.8000 0.354623 0.2231334849 2.9000 0.336443 0.2192547450 3.0000 0.319764 0.21557141



COPPFEHR

EXPANSION PHASE - ISCPCERGY AbUVE ES13M

51 1.0000 4.487001 0.44489620
12 1.1000 3.660392 0.44409620

53 1.2000 2.943886 0.,4446962054 1.3000 2.356466 0.'44896?0
55 1.4000 1.907551 0.4448962056 1.5000 1.587007 0.44489620
57 1.6000 1.369301 0.44489620
58 1.7000 1.223921 0.4440962059 1.8000 1.124167 0.44489620
60 1.9000 1.051032 0.4448962061 2.0000 0.992952 0.4448962062 2.1000 0.943697 0.44489620
63 2.2000 0.900167 0.4448962064 2.3000 0.860844 0.4448962065 2.4000 0.824927 0.4448962066 2.5000 0.791918 0.44,)8962067 2.6000 0.761458 04448962068 2.7000 0.733255 0.4448962069 2.8000 0.707067 0.4448962070 2.9000 0.682686 0.4446962071 3.0000 0*659929 0*44489620

!' I11 '*



ISENT.nPE PRESSURES

V/VO PRESSURE fND) ENERGY (MIO-CC/GM)1 0-2750 546.04135j 22.240446572 0.3000 455.4747T7 20.84974694
3 0.3250 386.375156 19.67042436
4 0.3500 332.645068 18•6767437s
5 0.370 289.530212 1T.008972606 0.4000 254.803s89 17.04879665
7 0.4250 226.289063 16.316417648 0.4300 202.572466 15.776637469 0.4150 182.620649 15-23768497

10 0.5000 165.664862 14.7501415011 0.5250 151.123608 14.30652547
12 0.5500 138.5!0524 13.90075231
13 0.5750 127.598334 13.52783346
14 0.6000 117993672 13.1836389315 0.6250 1U9.518790 12.96471915
16 0.6500 101.998631 12.56816924
17 0.6750 95.291087 12.29152465[B 0.7000 89.279790 12.03268003
19 0.7230 83.868745 11.78982544
20 017500 78.976109 11.56139576
21 0.7750 74.541080 11.3460301222 018000 70.501372 11.14253902
23 0.8250 66.811301 10.94987810
24 0.8500 63.430227 10.76712608
25 0.8750 60.323345 10.5934672426 0.9000 57.460693 10-142817a93
27 0.9250 54oq1636 2  10.27060485
28 0.9SO0 52.367851 10.12017417
29 0.9750 SO.095533 9,97636294
30 1.00co 47.982234 9.83870184

EXPANSION PHASE - ISENTROPE ASUVE ESLIM BMU = 0.

31 1.0000 47.982234 9.83870184
52 1.0500 44.142889 9.58045304
33 1.1000 &0.736135 4.3425620834 1.1500 37. 706659 9.12268031

35 1.2000 35.009181 8.91882718
36 1.2500 32.605287 8.72925401
37 1.3000 30.461456 8,5524119138 1.3500 28.547743 8.38692904
39 .1.4000 26.836995 8.23159266

L: 40 1.4500 25.304453 8.0853354941 t.5000 23.927608 7.94722283
42 1.6000 21.563622 7.69282132
43 1.7000 19.607481 7.46238732
44 1.8900 17.957978 7.2519889545 1.9000 16.542865 7.0586540746 2.0000 15.311760 6dSOe08070
47 2.1000 14.229287 6.71443212
48 2.2000 13.269800 6.56020242
49 2.3000 12.613895 6.28613144S2.4000 11.646315 6.28114945



COPPER

EXPANSION PHASE - ISOENERGY ABOVE ESLIM

1.0000 47.902234 9.83870184
52 1.1000 42.747500 9.83M701H4"1.2000 38.425020 9.8387018454 1.3000 34.868076 9.C3870184
55 1.4000 31.947559 9.838701846 1.5000 29.540241 9.8387018457 1.6000 27.53246S 9.8387018458 1.7000 25.828103 9.8387018459 1.8000 24.353015 9.8387018460 1.9000 23.054069 9*8387018461 2.0000 21.894705 9,8387018462 2.1000 20.849767 9.8387018463 2.2000 19.901312 9.8387018464 2.3000 19.035825 9.838701846 * 2.4000 1.242610 9.8387018466 2.5000 17-512893 9.83870184

67 2.6000 16.839317 9.8387018468 2.7000 16.215638 9.83870184642.000 15.b36509 9.8387018470 2.9000 15.097319 Q-l70l8 4

71 3.0000 14.594075 9.83870184

Ij.~



61

YR ()W

AC WC .5

RHOIN AMlU BML EsUtO1. 5,000 7.8600 1.2790 1.0500 0. 9O-•00oG

5 MUGONIOT PRESSURES
V/vo PRESSURE (MR) ENERGY (MB.-CC/GM)1 1.0000 0.

2 0.9750 O.034366 0.000054653 0.9500 0.074119 0.000235744 0.9250 0.120324 0.000574065 0.9000 0.174305 0.00110881
6 0.6750 0.237721 0.001890277 0.8500 0.312662 0.002983418 0.8250 0.401792 0.004472879 0.8000 0.508524 0.0064697610 0.7750 0.637273 0.0091212711 0.7500 0.793797 0.0126240012 0.7250 0.985657 0.0172427113 0.7000 1.222849 0.023336811-0.•750 1.518667 0,0313973715 0.6500 1.890860 0.0420992916 0.6250 2.363202 0.0563740717 0.6000 2.967619 0.0755119218 0.5750 3.747135 0.1013061219 0.5500 4.760102 0.1362624520 0.5250 6.086581 0.1839138521 0.5000 7.838627 0.2493138122 0.4750 10.175815 0.3398411123 0.4500 13.335111 0.4665591924 0.4250 17.677354 0.6465952725 0.4000 23.776140 0.9074861826 0.3750 32.585891 1.2955585427 0.3500 45.787696 1.8932570228 0.3250 66.568596 2.8583841329 0.3000 101.609269 4.5245854930 0.2750 167.140163 7.7084357731 0.2500 313.423588 14.9534L43232 0.2250 7S7?126678 39.2985453633 0.2000 6197100000 .223.75000000



¶'I ISENTROPE PRESSURES

V/VO PRESS;URE (MBu EF-ERGY (MB-CC/GM)1 0.8750 0.21772? 0ý001890277 0.9000 O.176494 0 -001235,493 O0.q25 0  0.123502 0.000762764 0.9500 0.077586 0.000446305 0.9750 0.037762 0.'000265786 1.0000 0.003189 0.00020318

IRON

5. 2 JSENIROPE PRESSURES

V/VO PRESSURE (MB) ENERGY (,B-CC/GM)1 0.7250 0.985657 0.017242712 0.75.00 0.826535 0.014372873 0.7750 0.689839 0.011971584 0.8000 0.572098 0.00997337 
"5 0.8250 0.470442 0.008322806 0.8500 0.382488 0.006972697 0.8750 0.306244 0.005882848 0.9000 0.240037 0.005018779 0.0250 0.182457 O.f'j43509410 (J.9500 0.132307 0.0038539011 0.9750 0.088571 0.0035057112 1.0000 0.050382 0,0032874113 1.0250 0.016995 0.00318261

I,



. 5 SLNFTI~opt PPk 3SI.U•lS

v/vu PVEUR- (Mv; ENLR(,y iMB-Cr_/GM)1 0.570o 3.6V-)6H7 0.099b61 112 0.6000 3 . 1, 228s 0.0f6i89684193 0.6250 2.?583304. 
0.53 (37954 S 7520.o0oo 2. 393060 0.0-1 31t6365 0.6750 2.0110367 0, 064.2grgy6 0.700 1.HI1414. 0.058130,.27 O. 7250 1.5 V0p 1 0.05215658H 0.7500 1.3;7559 O.0406V599 0. 7750 1.202130 0.0413Y7995

10 0.8000 1.0148886 0.0404111011 0.8250 0.914595 0.0372979512 0.8500 0.796562 0 .0 345d47613 0.8750 0.692531 0.032223631' o.9000 0.600601 0.0301732015 0.9250 0.519164 0.02839771
16 0.9500 0.s446853 0.0268660517 0.9750 0.3825030 0-0255511528 1.0000 0.325115 0.02442937

ýXP4'",IUN PHASE ISLNIFROPE AflOVE L-SLIM BMU = 0.

19 1.0000 0.325115 0. 02442Y3720 1.0500 0.0221914t5 0.0201843521 1.1000 0.1653291 0.0964755522 1.1500 0.121488 O.00181652823 1.2000 O.097843 . 0.0167185224 1.2500 0079913 0M01544286325 1.3000 0.067297 0.0143166926 1.3500 0.057898 0.0133230427 2.000 0.050622 001252Y1623 1.4500 0.012748 0.0118712029 I.5000 0.0398520 0.011350730 1.6000 0.031591 0.0105316731 2.7000 O.025394 0.0096474Y32 2.8000 0.021592 0.0092255633 1.9000 0.01909 4 0.0021932333 2.0000 0.011309 0.0006 66045 2.1000 0.0015947 0.0069I936 2.2000 U.014824 O.00812S6237 2.3000 0.013853 0.0067661538 2.4000 0.012991 000679337139 2.5000 0.012220 0.0077735640 2.6000 0.0u!1522 0.00762272
41 2. 7000 O. O10638 0. 007480324 2 2.80O00 O0 010310 O. 0073456143 2. 9000 0. 009782 0. 0072 179144€ 3. 0000 O. 00929," 0.007096664€5 3.1000 0.00835; 0.0069813146 3. 2000 0,.000439 0. 0066714247 3. 3000 0,.008058 0. 0067665548 3. 4000 0.0027rt6 0. 0066663'449 3. 5000 0. 0o7378 0. 0065704550 3,.6000 0.007072 0. 00647859



FXP AN;. tnti 044AC. -

51 1.0000 0.325M5 0.02442937
52 1.100k) 0.210157 0.02442937
53 1.2000 0."5Y209 0.02442937
5 1.300( 0-130734 0.0244293755 1.4000 0.10,817 0-0244293756 1.5000 0.0-8828 0.02442951757 1.6000 t.014U01 0.02442937
58 1.7000 0.063490 0.0244293759 1.8000 0.056471 0.02442937
60 1.9000 0.051783 0.0244293761 2.0000 0.04d453 0•0244293762 2.1000 0.045863 0.0244k23763 2.2000 0.043682 0.0244293764 2.3000 0.041753 0.02442937
65 2.1000 0.040006 0.02442937
66 2.5000 0.038404 0.0244293767 2.6000 0.036926 0.0244293768 2.7000 0.035558 0.0244293769 2.8000 0.034288 0.02442937
70 2.9000 0.033106 0.02442937
71 3.0000 0.032002 0.02442937

_ _ _ _ _ _ _......



,RON 67

5. 4 ISENTRUPE PRESSURS

" ; v#VO PRESSURE (Mel ENLI'•RY (IB-CC/cm,0.4250 17.677354 0.64t-59527
2 0.4500 15.195126 0.5946,319
4 0.4750 13.163602 0.549797204 0.5000 1?,.*31963 0.51080243
5 0.5250 10.01`7134 0.47667540
6 0.5500 8.893477 0.44t)63386
T 0.5750 7.888391 0.42004919
8 U.6000 7.028890 0.39641114
9 0.6250 6.289090 0.37530175

10 0.6500 5.648519 0.35637587
11 0.6750 5.090810 0.33934619
12 0.7000 4.602771 0.32397194
13 0.7250 4.173679 0.31004998
14 0.75G0 3.794755 0.29740789
15 0.7750 3.458763 0.28589848
16 0.8000 3.159698 0.27539546
17 0.8250 2.892546 1).26578993
18 0.8500 2.653099 0.25698756
19 0.8750 2.437805 0.24890624
20 0.9000 2,;243650 0.24147427
21 0.9250 2.068068 0.23462875
22 0.9500 1.908859 0.22831433
23 0.9750 1.764135 0.22248211
24 1.0000 1.632265 0.21708877

EXPANSION PHASE ISENTROPE ABOVE ESLIM mmU - 0.

25 1.0000 1.632265 0.2170887?
26 1.0500 1.404925 0.2074940-.
27 1.1000 1.216797 0.19875008
28 1.1500 1.060990 0.19111087
29 1.2000 0.930583 0.18440743
30 1.2500 0.820562 O.17850518
31 1.3000 0.727334 0.17329273
32 1.3500 0.648285 0.16867419
33 1.4000 0.581414 0.16456467
34 1.4500 0.52507'I Ol16088822
35 1.5000 0.477814 0.1575571/4
36 1.6000 0.404831 0.15163921
37 1.7000 0.353715 0.14664856
38 1.8000 0.316771 9.14230718
39 1.9000 0.288596 0.13842580
40 2.0000 0.265832 0.01488982
41 2.1000 0.246575 O• 1. 163004
42 2.2000 0.229798 0.1.)60258
43 2.3000 0.214932 0.12577713
44 2.4000 0.201630 0.12313072
45 2.50GO 0.189654 0.12064476
46 2.6000 0.178820 0.11830352
47 2.7000 0.168980 0.11609345
48 2.800( 0-16001). 0.11403273
49 219000 0.151808 0.1120210:
50 3.0000 0.144282 0.1(C13915



IRON

EXPANSION PHASE ISCENERGY ABOVE ESLIM
51 1.0000 1.632265 0.217638771i2 i.10OC 1.296378 0.21 70887753 1.200C 1.053759 O,217088F7
54 1.3000 0.872491 0.2170887755 1.4000 0.737110 0.2170587756 1.5000 0.638346 0.2170887757 1.6000 0.567879 0.21708877
se 1.7000 0.517572 0.2170887759 1.8000 0.480450 0.2170887760 1.9o00 0.451451 0.21708877
61 2.0000 0.427401 0.2170887762 2.Iuco 0.406519 O.Z1708877
63 2.i000 0.387870 0.2170887764 2.3000 0.370957 0.2170887765 2.4000 0.355487 0.21708877

66 2.5000 0.341264 0.2170887767 2.6000 0.328138 0.21708877fjp 2.7000 0.315985 0.2170837769 2.8000 0.304700 0o217C887770 2.9000 O0 294193 0.2170887771 3.0000 0.284386 0.21708877

rV-

ji,

S .I



r LI CV$%

(9

ý,/vc PRESSURE IMB) ENERGY IPM-CC/Gv)1 0.2750 16r.140163 7.70843577
? 0.3000 139.559484 7.22614527
3 0.3250 118.476117 6.81"957978
4 0.3500 101.992570 6.471677885
5 0-3750 88.855!14 6.7.T016250
6 0.4000 78.209c40 5.90597417
7 0.4250 69.456697 5.67227829
8 0.4500 62. 168721 5.46384054
9 0.4750 56.031594 5.27656579

10 0.5000 50.811557 5.10721219
11 0.5250 46.331530 4.95317793
12 0.5500 42.455436 4.81 235009
13 0.5750 39.0'17235 4.68299437
14 0.e000 36.123358 4.56367356
!5 0.6250 33.497182 4.45318598
16 0.6500 31.175072 4. 35051888
17 0.6750 .9.1e03444 4.25451242
10 0.7000 27.246579 4.16333148
19 0.7250 25.574972 4 . 08 1 4A•3•6 770 0. 7500 Z4. 064.076 4.00 2601L86

S10.7750 622. 693328 3. 92 33003
22 0.8000 21.44"392 3.858211;9
23 0.8250 0.305563 3.79188213
24 0.8500 19.261322 3.72901782
25 0.8750 L8.301913 3.66933325
26 0.9000 17.418088 3.61257425
27 0.9250 16.601842 3.55851391
28 0.9500 15.846220 3.50694901
29 0.9750 15.145153 3.45769688
30 1.0000 14.493327 3.41059297

EXPANSION PHASE - ISENTROPE ABOVE ESLIM BMU - 0.

31 1.00(0 14.493327 3.41059297
32 1.05(10 13.319594 3.32234725
33 1.1000 12.293847 3.24105167
34 1.150U 11.392038 3.16585520
35 1.2000 10.594929 3.09603775
36 1.21500 9.887113 3.03098804
37 1.3000 9.256126 2.97018203
38 1.3500 8.691719 2.91316.-52
39 1.4000 8.185290 2.85954848
't 1.4500 7.729479 2.80898321
41 1.5000 7.317890 2.7611704zi
42 1.6000 6.606049 2.67294237
43 1.7000 6.012321 2.59293982
44 1.8000 5.508999 2.51985583
45 1.9000 5.075882 2.45268467
46 2.0000 4.698507 2.39063734
47 2o1000 4.366468 2.33307946
48 2-,000 4.072073 2.27948898
49 2.3000 3.809434 2.22942829
so 2.4000 3.573890 2.18252578



70

IRON

EXPANSION PHASE - ISOENERGY ABOVE ESLIM

51 1.0000 14.493327 3.41059297
5z 1.1000 10,900492 3.4105979753 1.2000 11-626099 3.41059297
54 1.3000 10.508290 3.41059297
55 1.4000 9.732638 3.41059297
56 1.5000 9.019646 3.41059297
57 1.6000 8.418036 3A41059297
58 1.7000 7.90Z6-t1 3.41C59297
54 1*80c0 7*453799 3.41059297
60 l.9000 1.057248 3.41059297
61 2.0000 6.702723 3.41059297
.7 2.1000 6.302958 3.41059297
43 2.2000 6.092636 3.41059297
64 2.3000 5.827605 3.41059297
65 2.4000 5.584850 3.4105929766 Z.S000 5.361453 3.41059}297
67 2.6000 So.1•5243 3.41059297
6p 2.7000 4.q64308 3.4LU592'97
6q 2,8000 4*787011 3*41059297
70 2.9000 4*621942 3*41059297
71 3.0000 4.467877 3.41059297

iii

iff



7!

5. 6 'SENTROPE PRISSURES

V/Vo PRESSUR• 4"s) ENERGY IMB-CC/GM)
I 0Z250 797.126678 39.29854536
2 0.2500 663.836983 37.00351858
3 0.2750 563.845528 35.06995869
4 0ý3000 486.616745 33.41243553
5 0.3250 425,525955 31.97118163
6 0.3500 376.227753 30o703022o0
7 0.3750 335.769039 29.57591581
8 0.4000 302.081741 28.56553268
9 0.4250 273.679707 27.65302777

10 0.4500 249.470815 26.82355261I1 0.4750 228.636593 26.06522918
12 0.5000 210o552996 25. 36842918
13 0.5250 194.736794 24.724525406
14 0.5500 180,808704 24.12915611
15 0.5750 168.467266 23.57465506
16 0.6000 157.470724 23.05712461
17 0.6230 147.620897 22.57262850
18 0.6500 138.758127 22.11779356
19 0.6750 130.748743 21.689Y1062
20 0.7000 123.481839 21.2858548'
21 0.7250 116.864388 20.90402317Ii 22 0.T500 110.817842 20.54228377
23 0.7750 105.275470 20.19893408
24 0.6000 100.180240 19.87246680S25 0.8250 95.483178 19.56154Z75
26 0.8500 91.14198c 19.26496649
27 0.9750 87.119997 18.98166800
28 0.9000 83.385245 18.71066573
29 0.9250 79.909784 18.45115304
30 0.9500 76.669065 L8.20223624
31 0.9750 73.641450 17.96337485
32 1.0000 70.800780 17.73377299

EXPANSION PHASE ISENTROPE ABOVE ESLIM BMU - 0.

33 1.0000 70.807808 17.73377299
34 1.0500 65.657516 17.30057359
35 1.1000 61.102086 16.89812803
36 1.1500 57.050198 16.52294683
37 1.2000 53.427894 16.17208314
38 1.2500 50.174767 15.84301329

L 39 1.3000 47.241050 15.53356016
40 1.3500 44.585335 15.24183393
41 1.4000 42.172812 14.9661e497
42 1.4500 39.973942 14.70516682
43 1.5000 37.963444 14.45750606
44 1.6000 34.425171 13.99859011
45 1.7000 31.414344 13.58100629
46 1.8000 28.124768 13.19880068
47 1.9000 26.576111 12.84718549
48 2.0000 24.607148 12.52225721
49 2.1000 22.070615 12.22079039
50 2.2000 21.329415 11.94008732



IRON

EXPANSION PHASE - ISOENERGY ABOVE kSLIM

1.0000 70.8O?80 17.-73377299
'j2 1.1i00 64.097790 17.73377299
C 1I ?UO0o 5t8 -5422617 1 7"7337729954 1.3000 53.892608 17.7337T29955 1.4000 49.u941920 ?7.73377299
56 1.5000 46.547314 17.7337"299

1.6000 43.599739 17.7337729958 1.7000 41.014575 17.73377299
59 1.8000 39.726 1 2 9 17.7337729960 1.9000 36.683633 17.7337729961 2.0000 34. B47777 ).7.73377299
62 2.1000 33.1877.73772
63 2.z000 31.679044 17.73377299
64 2.3000 30.30u641 17.7337729'65 2.4000 Ž9.039058 17.73377299
66 2.5000 27.877492 17.7337729967 2.6000 26.805280 17.7337?29968 2.7000 25.612492 17.7337729969 2.8000 24.890618 17.7337729970 2.9U00 24.03232C ).7.73371299
71 3.0000 23.231243 17. 73377299
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- ALUMINUM

ACeS '5 WC. 5

I.OI

1.6300 2.7000 0.75•20 0.6500 0.0500000

7 HUGONZOT PAESSURES
fJ VIVO PRESSURE IMBI ENERGY (MB-CC/GM)
1 1 1.0000 0. 0.a. 2 0.9750 0.020262 O. 0000•380
S., 3 0.9500 0.043622 0.00040576

4 0.9250 0.071327 0.00099064
s 0.9000 0.103551 O.O0191762
6 0.8750 0.141425 0.00327371
7 0.8500 0.186056 0o00516822
a O.0250 0.238769 0.007737879 0.8000 0.301138 0.01115324

10 0.7750 O.375045 0.0156268911 0.7500 0.462751 0902142363
12 0.7250 O.566990 0.02687449
13 0.7000 0.691122 0.03839567

*., 14 0ý6750 0.839329 0.05051517
15 0.6500 1.016904 0.06591043
16 0.6250 1.230654 O.0 546208
17 0.6000 1.489475 0.11033L48
I$ 0.5750 1.805177 0.14207409
19 0.5500 2. 193696 0. 18280797

S20 0.5250 2.676910 0.23546965
21 0.5000 3.285497 0.30421264
22 0.4750 4.063334 0.39504634
23 0.4500 5.074969 O051689497
24 0.4250 6.418240 0.60342369
25 0.4000 0.247051 O.91633895
26 0.3750 10.814717 1.25170325I "2T7 0.3500 14.562630 1.75291002
23 0.3250 20.319247 2.53990570
29 0.3000 29.805567 3.86368430
"30 0.2750 47.171001 6.33314323
31 G2500 85.4189006 11.08318047
32 0.2250 208.829443 29.97089005"33 0.2000 47897.000000 057.50000000

'I



7A

7. 1 ISENTROPF PRESSURES

v/vo PRESSURE feb) ENERGY (MB-CC/GM)
t 0.8750 0.141425 0.0032r3!L
2 0.9000 0.104910 O.0021.4093
3 0.9250 0.073329 0.00132243
4 0.9500 0.046026 0.00077569
5 0.9750 0.022427 0.00046388
6 1.0000 0.002031 0.00035509

ALUMINUM

7. 2 ISENTROPE PRESSURES

V/vO PRESSURE (MB) ENERGY 1MB-CC/GM)
1 0.7250 0.566990 0.02887449
2 0.7500 0.477306 0.02405993
3 0.7750 0.399615 0902001717
4 0.8000 0.332192 0.01664371
5 0.8250 0.273598 0.01385159
6 C.8500 0.222622 0.01156501
7 08750 0.178237 0.00971848
8 0.9000 0.139569 0.00825523
9 0.9250 0.105866 0.00712600

10 0.9500 0.376476 0.00628797
11 0.9750 0.050835 0.00570395
12 1.0000 0.028450 0.00534159
13 1.0250 0.008891 0.00517283



AL ,JMINU10

7. 3 ISENTROPE PRESSURES

V/VO PRESSURE (MBI ENERGY (MB-CC/GM)1 0.5750 1.805177 0.142074092 0.6000 1.560712 0.126563161 0.6250 1.352453 0.113135204 0.6500 1:174082 0:10' 48694
5 0.6750 1.020562 0.091367046 0.7000 0.887840 0.CB256574
7 0.7250 .0.7726'32 00•C9

80.772600 0.0749C6938 0.7500 0.672255 0.068241839 0.07750 0.584500 0.0624441510 0.8000 0.507539 0.0574060711 0.8250 0.439849 0.05303%2012 0.8500 0,380153 0.0492520213 0.8750 0.327374 0.0459878114 0.9000 0.280601 0.0431830315 0.9250 0.239058 0.0407858616 0.9500 0.202080 0.03875116* 17 0.9150 0.169099 0.0370393818 1.0c00 0.139622 0.03561600

EXPANSION PHASE - ISENý'ADc ABOVE ESLIM BMU - 0.
19 1-0000 0.139622 0.0356160020 1.0500 0.095373 0.0335334221 1.1000 0.074747 0.0346240022 1.1500 n.062792 0.0354567123 1.2000 0.056141 0.0361723624 1.2500 0.052398 0.0368554025 1.3000 0.050049 0.0375671226 1.3500 0-048273 0.0383703327 1.4000 0.046754 0.0393621828 1.4500 0.045578 0.040"76460

29 1.5000 0.045565 0.0434459930 1.6000 0.041888 0.0450530731 1.7000 0.044378 0.05322675
32 1.8000 0.038453 .0.05003610
33 1.9000 0.034577 0.0481506734 2.0000 0.031675 0.0467350635 2.1000 0.029316 0.04553938
;a Z.2000 0.027300 0.0444695237 2.3000 0-025527 0.0434854738 2.4000 0-023945 -.04256P5039 2.500C 0.022523 0.0417085440 2.6000 0.021236 0.0408990241 2.7000 0-020067 0-0401349442 2.0000 0.019002 0.0394121543 2.9000 0.018028 0.0387270544 3.0000 0-017134 0.0380764645 3.1000 0.016312 0-0374575946 3.2000 0.015554 0.0368679347 3.3000 0.014852 0.0363052648 3.4000 0.014202 0.0357675949 3.5000 0.013598 0.0352531250 3.6000 0-013035 0-03476021
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ALUMINUM

EXPANSION PHASE - ISOENERGY ABOVE ESLIM
51 1.0000 0.139622 0.0356160052 1.1000 0.017068 0.0356160053 1.2000 O.Ob511l 0.03561600
54 1.3000 0.047181 0.03561600
55 1.4000 0.042274 0.0356160056 1.5000 0.037662 0.035616005T 1.6000 0.033465 0.03561600

58 1.7000 0.030078 0.03561600
"59 1.8000 0.027536 0-01000
60 1.9000 0.025640 0.0356160061 2.0000 0.024161 0.03561600b2 2.o1000 0.022935 0.0356160063 2.2000 0.021866 0-0356160064 2.3000 0.020908 0.0356160065 2.4000 0.020035 0.03561600
66 2.5000 0.019Z33 0.0356160067 2.6000 0.018493 0.035616U068 2.7000 0.017808 0.0356160069 2.8000 0.017172 0.0356160070 2.9000 0.016580 0.0356160071 3.0000 0.016027 0.035616CO

(;o

"-. ._



A 1 ., cirr irI r .~7 
'7

*; - • sI;,'uT, .- I'Kt5.URES

V/VO PRESSURE (MB) ENERGY (MR-CC/GM)10.4250 6.4t8240 0-683423692 0.4500 5.509560 0.628567353 0.4750 4.763815 0.581289024 0.5000 4. 145503 0.540265545 0.5250 3.628119 O.5044545R6 0.5500 3.191587 0.44302533

S7 0.5750 2.820491 0.44530839
0.6000 2.502855 0.420759139 0.6250 2.229268 0.3989305110 0.6500 1.992262 0.3794525911 0.6750 1.785855 0.3620169212 0.7000 1.605215 0.3463645313 0.7250 1.446405 0.33227664
0.7500 1.306198 0.3195672915 0.7750 1.181929 0.3080775716 0.8000 1.071381 0.2976709817 0.8250 0.972702 0.2882296518 0.8500 0.884334 0.27965146f 19 0.8750 0.804962 0.2718474320 0.9000 0.733468 0.2647398121 0.9250 0.668897 0.2582603822 0-9500 0.610433 0.25234904

23 0.9750 0.557372 0.24695273

24 100000 0.509106 O.24202440

EXPANSION PHASE- ISENTROPE ABOVE ESLIM BmU is 0.

!I26 1.0500 0.429781 0.23343789
27 1.10O0 0.368778 0.2244092628 1.1500 0.322768 0.2164591829 1.2000 0o287237 0.2093838730 1.2500 0.258970 0.20304615"31 1.3000 0.235709 0.1973504932 1.3500 0.216282 0.19222371
33 1.4000 0.199557 0.1,876026134 1.4500 0.185055 0.1834279235 1.5000 0.172407 0.1796426836 1.6000 0.150868 0.1721049837 1.7000 O.134540 0.1660286938 1.8000 0.121835 0.1609081339 1.9000 O.111588 O.1564242340 2.0000 0. 103016 0.15238791#41 2.1000 0.095634 0.1486895342 2.2000 O.089153 0.14 52641643 2.3000 0.083393 0.14,!0708744 2..4000 0.078234 0.1390811445 2.5000 0.073588 0.1362730046 2.6000 0.069384 0.133628454? 2.7000 0.065566 0.131132084i 2.8000 0.062086 0. 128770554r-. 2.9000 0,,058903 0.126532125 3.0000 0.055983 0.12440646

-.o -.... ........-.. . .....-
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1.ALU•IMINUM

EXPANSION PHASE - ISOENERGY Ah½OVE ESLIM

51 ,000 0.5C9106 0.24202440
.2 1. 10(Of 0-.391916 0.24202L40
53 1.2000 .).325707 0.24202,t40
54 1.3000 0.283551 0.24202440 I55 1.4000 0.252912 0.24202440561 1.506G 0.229036 0.24202440
57 1.6000 0.210105 0.24202440
-)8 1.7000 0.194996 0.24202440
159 1.8000 0.182715 0.24202440
60 1.9000 0.172424 0.24202440
61 2e0000 0.Uý3526 0.24202440
62 2.1000 0.155637 0.24202440
63 2.2000 kle148524 0.24202.440
64 2.3000 0.142061 0.24202440
65 2.4000 0.136140 0-24202440
66 2.5000 0.130693 0,24202440
67 2.6000 0.125667 0.24202440
68 2.7000 0121012 0.24202440
69 2.8000 0.116690 0.24202440
70 2.9000 0.112667 0.24202440
71 3.0000 0.10891L 0.24202440

Ii

Ii

-i



7q

7. ~ ISENTRO49PF~SI~~

$fVO PRESSURE (M6B ENERGY (M8- C/GC ,,,I. 27 e 47.171001 6.333•4323
2 0.3000 39.4602ie 6.93666363 (.3Th0 33.5.34I351 5-6015T4796
Is 0.3500 28.904017 5.31463456
5 Q13?50 25.194880 5-06 5-t9608

0.4000 22.FR 1474 4. 84 76.79647 0hd250 19.698405 4.654725918 0.4500 17.626801 4o48265284
9 0.4750 15.879375 A. 32810835510 0.5000 14.390SA33 4.18843091

11 0.525V 13-111940 4.0614782612 0.5500 12.004257 3.94550756
13 0.5750 11.038057 3.63908531
14 0.6000 10.189801 3.74102139
15 0.6250 9.440679 3.6503191316 0.6500 B.775515 3.5661372817 0.6"50 8.181955 3.48776066
18 0.7000 7.649858 3.41457716
L 9 0.7250 7.170833 3.34605965
20 0.7500 6.737886 3.2817515721 0.7750 6,.345152 3.2212554822 0.8000 5.987681 3.16422358
23 0.8250 5.661269 3.1103501624 0.8500 5.362328 3.0593653625 0.8750 5.087781 3.Q ,,05 993
26 0.9000 4.834973 2.96513125
27 0.9250 4.601607 2.fl14791-
28 0.9500 4.385685 2.819q0338
29 0.9750 4.185462 2.84025103
30 1.0000 3.999411 2.80238420

EXPANSION PHASE - ISENTRUPE ABOVE ES'.iM BmU 0. 
-;

31 1.0000 3.999411 2.80238420
32 1. •0500 3. 6691?9 2.7316030(•
33 1.1000 3.387733 2.6663280134 1.1500 3.145.07 2.60508'260
35 1.2000 2.933412 2.549601.9736 i.2500 2.746628 2.49700912
37 1.3000 2.580232 2.44767854
38 1.3500 2.430836 2.4012718539 1.4000 2.295885 2.3574999340 1.4500 2.173404 2.316115114~ / 1 1.5000 2.061816 2.276901574 1.6000 I. 66367 2.204308064l,3 1.1001715 .13838682

S44 i1.11000 l. 559874 2*078IP 1941;,• . ,45 1 09000 1.4376932027.1S!46 2.00010 1.330973 1..97L56447
47 2.1000 1.236911 1.92409579
43 2.20003 1.15359 1.67989931.
49 2.3000 1.071.)190 1.83861405
50 2.4000 1.012463 1.T9993340



S~80

ALUMINUM

!I
EXPANSION PHASE .- ISOENERGY ABOVE ESLIM

51 1.0000 3o999411 2.:023842052 1.1000 3.55482' 2.80238420
53 1.2000 3.217.lT 2.8023842U
54 1. 3000 2.949671 2.80236420
55 1.4000 2.724942 2.80238420
56 1.5000 2.534784 2.80238420
58 1.6000 2.371010 2.80238-420
so 1.7000 2.228457 2.80238420
59 1.81000 2.103068 2.8023842060 1.9000 1.991655 2.80238420
61 2.0000 1.891777 2.8023842062 2.1000 1.801585 2.80238420
63 2.2000 1.719659 2.80238420
64 2.3000 1.644881 2.80238420
65 2.4000 1.576342 2.80238420
69 2.5000 1.513288 2.80238420
67 2.6000 1.455084 2.8023842068 2.7000 1.401192 282•2
69 2.8000 1.351150 2.80238420
70 2.9000 1.304558 2.8023842C

71 3.0000 1.261073 2.80238420

IL V

I,



I4

A-1.11 K4TNITM 8]

8. 6 ISENTROPE PRESSURES

V/VO PRESSURE IMB) ENERGY (HMfi-CC/GM)
1 0.2500 85.1B9006 11.83180547
2 0.2750 71.060966 11.11686742
3 0.3000 60.348579 10.51423514
4 0.3250 52.016564 9.998075j3
5 0.3500 45.396222 9.55002844
6 0.3750 40.039748 9.15667784
7 0.4000 35.637901 8.80798030
a 0.4250 31.971395 S.49626160
9 0.4500 28.881103 8.21355054

10 0.4750 26.249198 7.96112722
11 0.5000 23.986856 7.72920737
12 0.5250 22,026041 7.51672131
13 0.5500 20.313894 T.32114643
14 0.5750 18.808814 7.14039290
15 0.6000 17.477675 6.97271144
16 0.6250 16.293823 6.81662625
17 0.6500 15.235601 6.67088258
18 0.6750 14.285254 6.53440624
19 0.7000 13.428112 6.40627176
20 0.7250 12.651956 6.28567696
21 0.7500 11.946544 6.17192292
22 0.7750 11.303230 6.06439751
23 0.8000 10.714674 5.96256202
24 0.8250 10.174612 5.86594•033
25 0.8500 9.677663 5.77410990
26 0.8750 9.219192 5.68669438
27 0.9000 8.795178 5.60335720
28 0.9250 8.402125 5.52379638
29 0.9500 8.036976 5.44774026
30 0.9750 7.697052 5.37494349
31 1.0000 7.379994 5.30518407

EXPANSION PHASE ,SENTROPE ABOVE ESLIM BmU - 0.

32 1.0000 7,371'994 5.30518407
33 1.0500 6.810994 5.17412102

34 1.1000 C. 317684 5.05277920
35 1.1500 5.8859-n 4.93995184
36 1.2000 5.504708 4.83461410
37 1.2500 5.165146 4.73592323
3b 1.3000 4.86o6•31 4.64317751
39 1.3500 4.585606 4.555786440
40 1.4000 4.336241 4.47323662
41 1.4500 4.109130 4.39509416
42 1.soco 3.901564 4.32097167
43 1.6000 3.536470 4.18364650
44 1.7000 3.226171 4.058755I6
45 1.8000 2.959649 3.9' 440799
46 1.9000 2.728474 3.8393a843
47 2.0000 2.526204 3.74227631
48 2.1000 2.347902 3.65218049
49 i.?O00 2.189648 3.56829169
50 2.000 2.048439 3.48992744



C21
ALUMINUM,1

EXPANSION PHASE - ISt'ENF.RGY ABOVE ESLIM

51 I.COoo 7.379994 5.30518407
52 1-1000 6.627513 5.30518407
53 1.2000 6.034165 5.30518407
54 1.3000 5.548050 5.3051840755 1.4000 5.138508 5.3051840756 1.5000 4.787373 5.30518407
57 1.6000 4.4R2776 5.3051840758 1.7000 4.215986 5.30518407
59 1.8000 3.980172 5.30518407
60 1.6000 3.769061 5.30518407
61. 2.0000 3.581167 5.30518407
62 2.1000 3.410528 5.3051840763 2.2000 3o255469 5o305L8407

64 2.300C 3.113916 S.3051840765 2.4000 2.984167 5.30518407
66 2.5000 2.864800 5.3051840'
67 2.6000 2.754615 5.30518407
68 2.7000 2.652592 5.30516407
69 2.8000 2.557857 5.30518407
70 2.9000 2.469655 5.30518407
71 3.0000 2.387333 5.30518407

q4 °

[(

I;"

I.



ALUM!NUM

1. 6 ISENTROPE PRESSURES

V/VO PRESSURE IMB) ENERGY (MB-CC/GM)
1 0,2250 208.829443 29.97089005
2 0.2500 174.182539 28.21882081
3 0.2750 148.099371 26.74069217
4 0.3000 127.897835 25.47294688
5 0.3250 111.882597 24.36991358
6 0.3500 98.936510 23o39912009
7 0,,3750 88.297359 22.53624892
8 0.4000 79.429507 21.76278853
9 0.4250 71.946888 21.06437182

10 0.4500 65.565043 20.4296581711 0.4750 60a070316 19.84956288
12 0.5000 55.299479 19.31671262
13 0.5250 51.125926 18.82505274
14 0.5500 47.450131 18.36955976
15 0.5750 44.192894 17.94602b33
16 0.6000 41.290492 17.55U89855
17 0.6250 38.691143 17,18115115
L8 0.6500 36.352382 16.8341908519 0.6750 34.239091 16.50778008
20 0.7000 32.322014 16.19997692
21 0.7250 30.576583 15.909086647
22 0.7500 28.982058 15.63362205
23 0.7750 27.520804 15.37227356
24 0.8000 26.171749 15.12388122
25 0.8250 24.939946 14.88741422
26 0.8500 23.796209 14.66195297
27 0.8750 22.736840 14.44667399
28 0.9000 21.753384 14.240837Y4
29 0.9250 20.838449 14.04377651
30 0.9500 19.985538 13.854880•t4
31 0.9750 19.188927 1,..67362678S32 1.0000 18o443556 13.4994t9491

EXPANSION PHASE ISENTROPE ABOVE ESLIM amu 0.

33 1.0000 18.443556 13.49941 49?.
34 1.0500 17.093864 13.1711412•
35 1.1000 15.907578 12.86613834
36 1.1500 14.857376 12.58174551
37 1.2000 13.921341 12.31566572
38 1.2500 13.081925 12.06596363
39 1.3000 12.325047 11.8309934140 1.3500 11.639340 1 .60934:86
41 1.4000 11.015536 ll.3997T3433
42 1.4500 10.0445983 11.20125115
43 1.3000 9.924268 11.01280129
44 1.6000 9.0038C5 10.66342151
45 1.7000 8,.218520 10.34540415
46 1.8000 7.542000 10.054284 547 1.9000 6.954018 9.786447• 8
48 i.0000 6.438948 9.53893363
49 2.1000 5.984595 9,3092894.6
50 2.2000 5.581321 9.09546173



84

ALUMINUM

EXPANSION PHASE - ISOENERGY ABOVE ESLIM
51 1,0000 18.443S56 13.4994949112 1.1000 16.6849011 l3.49949491

S53 
•1.2000 15.Z53l75 13.4994949154 1.3000 14.,S?74t 13.49949491

55 ! 01.4: 3,:040270 13,49949491
6 1.O00C 12. 162300 13e4994949157 1.6000 11.396745 13.4994949158 1.7000 10.723240 13.4994949191.8000 A100i25908 !3.4994949160 1.90go 9.592236 13.*4994949161 2e0000 9. 112327 13.4994949162 2, |000 8.678299 l3o4994949163 2.2000 8.283796 13.4904949164 2.3000 7.923620 13.4994949165 2,4O **00 . 93467 13. 4994949166 2. 5000 7,289?28 | 3.499494'4L

67 2.6000 7o009353 13.49949491
68 2.T000 6.749748 13.4994949169 2.800 6.1508685 13.49949491
70 2.9000 6o284248 13-4994949171 3e0000 6. 074773 13.49949491-

II

I'IR 1 ,t
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- BERYLLIUM

AC- wc - •- ,55

BG RHOIN A VU HMpl ESUIA0

S.6200 1.8450 1.1734 0.5500 0.1750000

9 H9UGLNIOI PRESSURES

V/VO PRESSURE IMB! ENERGY IMB-CC/GM)
1.0000 0. 0.

2 0.9750 0,030912 0.00020943
3 009500 0.065287 0.00088464
4 0.9250 0. IC3646 0.00210662

9 0.90•00 0.146606 0.00397306
6 0.8750 0. 194sq9 0.00660225
7 0035•00 0.249397 0.01013009

80.8250 0.311 151 0.01475648
9 0. 8000 O. 38t1431 0.020•,73 78

10 0.7750 0.46179C C.02815790
11 0.7500 0.554135 0.0375430112 0.75 . 660839 0. 04 924954

1.3 0.7000 0.784879 0.06381133
14 0,6050 0.930032 0.0819133'

15 0.6500 1.101144 0.10444,450
16 0.6250 1.304519 0.13257310
17 0.6000 1.548476 O.16785649
18 0.57,0 1.844159 0.21240312
19 0.ssua 2.206769 0.2691181Z
210 0.5250 2.657' 51 0.34208375
2.1 0.5000 3.226284 0.43716586
22 0.4750 3.957168 O.56301159
23 0.4500 4s916102 0.73275225
24 0.4250 6.205862 0096703806
25 0.4000 7.993393 1.29973865
26 O.3AT0 10.564400 1.78936300
27 0.3500 14.441539 2.05390240
28 0.3?.50 20.670071 3.07111026
29 0.3000 31.623199 5.9989804t
30 0,2750 53.a72678 10.58473957

, 31 0.2500 113.698900 23.10953093
32 0.2250 523.042595 10o.8$5311031
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BERYLLIUM

10. 1 ISENJ1ROPE PRESSURES

V/VO PRESSURE 1148ý ENERGY IMB-CCVGM|1 0.9250 0.103646 0-.C2106622 0.9500 0.065492 J.000970 8 13 0.9750 0.031167 0000324901.0000 0.000259 0.00011986

BERYLLIUM

9. 1 ISENTROPE PRESSURES
V/VO PRESSURE (MB) ENERGY Ih8-CC/G1M)1 0.8750 0.194899 0.00660225

2 0.0000 0.*147366 0.00429631
3 0. 9250 0.104;782 0. 002599) •?
4 0.9500 0.066560 0.00014485-
5 0.9750 0.032190 0.000788436 1.0000 0.001228 0.00056991

BERYLLIUM

10. 2 ISENTRUPE PRESSURES

V/vO PRESSURE (MB) ENERGY (MB-CC/GMI
"1 0.8250 0.311151 0.01475648
2 0. 8500 0.25139g 0.010962043 0.875C 0.198073 O.C0731604 0.9000 0.150382 0.00558376
5 0.9250 0.107646 0-00384703"• • 6 0.9500 0.069279 0.002658437 0.9750 0.034769 0.0019624?1.0000 0.003672 0.00170989

-- -- -- -



BMRYLLIUM

9. " ISENTROPE PRESSURES

Y/VO PRESSURE IMB) ENERGY (!i8-CC/GM)1 0.7250 0.660839 0.049249542 0.7500 0.562941 0.040988983 0.7750 0.476415 0.033973594 0.8000 0.399707 0.028060535 0.8250 3.331515 0.023126176 0.8500 0.270739 0-01906303
7 0.8750 0.216444 0.015777368 0.9000 0.16783-3 0.013187049 0.9250 O.124219 0.0112200010 0.9500 0.085009 O.0098127311 0.9750 0.049691 0.0089092012 1.0000 0.017a1i 0.00845990

BERYLIJUM

9. 3 ISENTROPE PRESSURES

V/VO PRESSUFE (MB) ENERGY (MO-CC/GM)1 0.5750 1.844159 0.212403122 0.6000 1.606133 0.189120463 0.6250 1.400570 0.1688Z7244 O.&500 1.222063 0.151123245 0.6750 1.066341 0.135673406 0.7000 0.929826 0.122195287 0.7250 0.80966: 0.1104493$8 0.7500 0.703-440 0.100231309 0.7750 0.009316 0.0913659210 0.6000 0.525530 0.0837022611 0.1250 0.450745 0.0771096412 0.6500 0.383798 0.0714745013 0.8750 0.323702 0.0666977214 0.9000 0.269614 0.06269255Is O.g2so 0.220813 0.0593827116 0.9500 0.176474 0.0567010$17 0.9750 0.136660 0.0545003018 1.0000 0.100302 0.05299g8119 1.0250 0.067199 0.0518650020 1.0500 0.036974 0.0511663921 1.0750 0.009333 0.05085901

!



BERYLLIUM

10,. 6 ISENTROPE PRESSURES

V/VO PRESSURE (IMB) ENERGY (MB-CC/GM)
0.4750 3.957168 0.56301159

2 0.5000 3.442169 0.51312495
1 0.5250 3.007772 0.46962237
4 0.5500 2.638458 0.43152795
5 0.5750 2.322215 0.39504943
6 0.6000 2.049638 0.36853754
7 0.6250 1.813283 0.34245567
8 0.6500 1.607205 0.3193568B
9 0.6750 1.426608 O.29886610

10 0.7000 1 267594 0.28066668
11 0.7250 1.126969 0.26448949
12 0.7500 1.002099 0.25010455
13 0.7750 0.890794 0.23731432
14 0.8000 0.791227 0.22594822
15 0.8250 0.701859 0.21585836
16 0.8500 0.621392 0.20691589
17 0.8750 0.548723 0.1990081718 0.9000 0.482909 O.19203634
19 0.9250 0.423144 0.18591329
20 0.9500 0.368732 0.18056204
21 0.9750 0.319072 O.17591438
22 1.0000 0.273645 0.17 190962

EXPANSION oHASE ISFNTROPE ABOVE ESLIM BMU a 0.

23 1.0000 0.2T3645 0.17190962
24 1.0500 O.204325 0.16565149
25 1.1000 0.161676 0.16041772
26 1.1500 0.136782 0.15608887
27 1.2000 0.122618 0.15227964
28 1.2500 0.114360 0.14877065
29 1.3000 0.108950 0.14545340
30 1.3500 0.104629 O.14228588
31 1.4000 O. 100525 0.13926008
32 1.4500 0.096313 0.13638089
33 1.5000 0.091961 0.13365407
34 1.6000 0.083039 0.12833069
35 1.7000 O.074954 0.12372454
36 1.8000 0.068049 0. 11968800
37 1.9000 0.062250 0.11608585
38 2.0000 O.057336 0.11281830
39 2.1000 0.053097 0.10981824
40 2.2000 0.049382 0. 10704125
41 2-3000 0.046088 0.10445657
42 2.4000 0.043145 0.10204138
43 2.5000 0.040500 0.09977746
44 2.6000 0.038112 0.0764963
45 2.7000 0.035947 0.09564489
46 2.8000 0.033977 0.09375193
47 2.9000 0.032178 0.09196085
48 3.0000 0.030531 0.0?02629349 3.eUO0 0.029019 0.08865047

50 3.2100 0.027625 O.08711661

ONO --
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BERYLLIUM4

EXPANSION PHASE - ISOENERGY 011OVE ESLIM

51 1.0000 0.273645 0.1119096252 1.1000 0.174739 0.17190962533 1.2000 0.142033 0.1719096254 1.3000 0.131921 0.1719096255 1l4000 0.125791 0.17190962S6 1.5000 0.118798 0.17190962
57 1.6000 0.111187 0.1719096258 1.7000 0.103956 0-1719096,259 1.8000 0.097589 0.1719096260 1.9000 0-092102 0.17190462
61 2.0000 0.087330 0.1719096262 2.1000 0.083105 U-1719096263 2.2000 0.079304 0-.'1,V96264 2.3000 0.075849 0-1719096265 2.4000 0.072686 0.1719096266 2.5000 0-069778 0-1719096267 2.6000 0.067094 0.1719096268 2.7C00 0.064609 0.1719096269 2.8000 0.062302 0.1719096270 2.9000 0.060154 0,,1719096271 3.0000 0.058148 0.17190962

p

I.t

IT



90

9. 4 ISENTROPE PRESSUKES

V/VO PRESSURE (M81 ENERGY (MB-CCIGHM

1 0.4250 6.205862 0.96703806

2 0.4500 5.3T4446 O.8q902005

3 0.4750 4.683784 0.82122017

4 0.3000 4.104448 0.76195419

5 0.S550 3.614229 0.709A•096

6 0.5500 3.196125 0.66392043

7 0e5750 2.836956 0.62319380

a 0.6000 2.526302 0.58697934

9 0.6z50 2.256210 0.55467924

10 0.6500 2.019877 0.52579449
11 0.6790 1.812086 0.49990550

L2 0.7000 1.628527 0.47665714

13 0.7250 1.46S655 0.45574700

14 0.7500 1.320547 0.43691608
15 0.7750 1.190770 0.41994139

16 0.6000 1.074287 0.40462995

17 0.1250 0.969385 0,,39081404

18 0.8500 0.874614 0.37834724

19 0.8750 0.788739 0.36710117

20 0.9000 0.710707 0.35696287

21 0.9250 0.639613 0.34763259

22 0.9500 0.574677 0.33962191

23 0.9750 0.515224 0.33225223

24 1.0000 0.460667 0.32565346

EXPANSION PHASE -SENTROPE ABOVE ESLIM BMU x 0.

25 1.0000 0.460667 0.32565346

26 1.0500 0.374531 0.31456459

27 1.1000 0.316845 0.30498151

28 1.1500 0.278519 0.29667581

29 t.2000 0,252462 0.28923032

30 1.2500 0.233745 0.28239150

31 1.3000 0.219174 0.27601524

32 1.3500 0.206846 0.27002434

33 1.4000 01.195744 0.26437513

34 1.4500 0.185403 0.25905270

35 1.5000 0.175663 0.25402965

36 1.6000 0,.917820 0.244596?6

37 1.7000 0.142556 0.23624258

38 1.8000 O.129709 0.22376456

39 1. #000 0.118870 0. 2219V%68

40 2.0000 0.6109599 0.21578865

41 2.1003 0.101545 0.21006892

42 2.2000 o.0q4458 0.20476338

43. 2.3000 0.288163 0.19982113

.44 2.4000 0.082534 0,19520156

45 2.5000 0.077475 0.19087092

2.6000 0.072906 0.18680049

2.7000 0.068765 0.18296549

48' , 2.6000 0.064996 0.17934432

49 2.9000 0.061556 0.17591804

50 3.0000 0.058406 0,17266999



I

BERYLLIUM

EXPANS:UN PHASE - IS(IENERGY ABOVE ESLIM

1.0000 0.460667 1.,32565346
i 52 ISIcCO 0.337938 0.32565346

5 53 1.2000 0.285548 0.32565346
54 1.3000 0,Zb9753 0.32565346
55 1.40,02 024i~arO U. ile t16346
56 1.5000 0.224823 %.32565346
57 1.oooo 0.209591 0.32565346
SIB I7000 0.196092 0.32565346
59 1.8000 0.184393 0.32565346

60 .9000 0.1Y4ZSC 0.32565346
61 2.0000 0.165350 6.32565346
62 ?01000 0.157400 0.32565346
63 2.2000 0.150219 0.32S65346
64 21.3000 0.1436ou 0.32565346
b5 2.4000 0.137691 0.32565346
66 2.5000 C.132183 0.N256534E
67 2.6000 0.12709e9 0.42565346
68 2.7000 0.1223'?1 0. 32S65346
U9 2.8000 0.U81020 C,.'2565346
TO 7 2.19000 0.113951 0.32565346

3.0000 0.11015Ž 0.32565346



9. 5 KSEITROPE PRESSURES

: tVO PRESSURE 06) ENERGY [MB-CCIGM]
I 01,2750 53.872678 10.58473957
2 0.3000 45o479070 S.91805792
3 0.32SG 30.958511 9.35054135
4' 0.3500 33.787'A8 806099672

3 0..3750 29-613585 8.433%2038
6 0.4000 26.193010 8.05770576
7 0.4250 23.352301 7.72348609
8 0.4500 20.965473 7.42137120
9 C.4750 16.939179 7.1549341T

10 0.5000 17.203046 6.91080642
11 0.5250 15.703189 6.688i6774
120.500 14.397772 6.48502970

"13 0.5750 13.253901 6o29810262
14 0.06000 12.245419 6.12569153
15 0.6250 11.351305 5.966117264 16 0.6500 10.554505 5.81795549
17 0.6750 9.841065 5.67999005
i8 0.7000 9.199471 5.55117553
19 0.7250 8.620154 5.43060815
20 0. SOO 80095104 5.31750232
"2t 0.7750 7.617575 5.21117163
2• 0.8000 7.181852 5.11101353
23 008250 6.783063 5.01 649672
24 0.6500 6.417037 4.92715073
25 0.8?50 6.080182 4.84255749
26 0.9000 5.769392 4.7623440
27 0.9250 5.461971 4.60617654
28 0.9500 5.215566 4.61375511
29 0.9750 4.968118 4.54480970
30 1.0000 4.737818 4.47909635

EXPANSION PHASE -SENTRCIPE ABOVE ESLIM BMU - 0.

31 1.0000 4.737818 4.47909631
32 1o0500 4.332182 4.35664272

r 33 141000 3.992000 4.24411362
34 11,500 3.702511 d.L4004529
35 1.2000 3.452239 4004323810

, 36 1.2500 3.232580 3.95276150
37 1.3000 3.037238 3.46788353
38 1.3500 2.861661 3.79801566
39 1.4000 2.702647 3.71267202
40 1.4500 2.557759 3.64144087
41 1.5000 2o425221 3.57396528
42 1.6000 2.191858 3.44921628
43 1.7000 1.993556 3.33610699
44 1.8000 1.823550 3.23292783
45 1.9000 1.676491 3.t3829654
46 2.0000 1.548187 3.0,51C9036
47 2.1000 1.435378 2.97038817
4 2.20DI 1.335527 2.89542490
49 2.3000 1.246627 2.82555738
"so 2.4000 1.167065 2.76023945

|I---i--i ... .. ... ...
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BERYLLIUM

EXPANSIUN PHASE - ISCENERGV AROVE ESLIM
51 1.0000 4 . 7 37818 4.4790963552 1.1000 4.20o901 4.479096355) 1.7000 3.821074 4.47909635
54 1.3000 3.514539 4.i'79096135
55 1.4000 3.258297 4.o47 9C9(,45
56 1.5000 3.037614 4.419096113I3 1.6000 2.845063 4.4790963558 1.7000 2.675835 4.47909635
59 1.8000 2. 526084 4.4190963560 1.9000 2.3925ft 4.4i 90:964•5
(11 2.0000 -. 27272. 4.47909635b2 2.1000 2.1644CR 4.4790963563 2.2000 2.065996 4.479096"-564 2.3000 1.976161 4.4790963565 2.4000 1.893E19 4,4790963566 2.5C00 1819065 4e4 790963567 2.6000 1.748140 4.4790963568 2.7000 1.683394 4.4790963569 2. 8000 1. 523273 4. 479096•35rO2. 900C 1.•567298 4.47909635
*7 !1.0000 

1.515054 4.47909635

t I

I!l



94 BERYLLIUM

9. 6 ISENTROPE PRESSURES

V/VO PRESSURE (NO) ENERGY (N8-CC/Gvl
1 0.2300 113.698900 23.L09530'3
2 0.27S0 95.706842 21.705248j6
3 0.3000 81.C865*0 20.51204300
4 0.3250 7t.,016694 19.41 326397
5 0.3500 (2.29595•g 8.SL531713
6 0.ýXls 5s.180L9t 17.79336238
7 0.4000 49.280964 17.08861279
8 0.4211 44.349504 16.45657825
9 0.4500 40.161889 15.88589084

1o0 .4750 36.576739 15.36749649
11 0.5000 33.480520 14.89408779
12 0.5250 30.785611 14.45969641
13 0.5s00 28.423467 14.05939579
14 0.5750 26.339803 13.68907976
15 0.6000 24.491140 13.34529626
16 0.6250 22.842306 13.02511978
17 0.6500 21.364577 12.72605336
18 0.6750 20.034301 12.4459514619 0.7000 18.831845 12.18295920
20 0.7250 IT.740797 11.93546379
21 0.7500 16.747343 11.70205581
22 0.7750 15o839784 11.48149741
23 0.8000 15.008157 11.27269661
24 0.8250 14.243928 11.07468605
25 0.8500 13.539752 10.68660514
26 0.8750 12.889278 10.70768583
27 0.9000 12.286987 10.53723979
28 0.9250 11.728066 10.37464869
29 0.9500 11.208301 10.21935487
30 0.9750 10.723985 10.07085419
31 1.0000 10.271853 9.92868960

EXPANSION PHASL ISENTROPE ABOVE ESLIM BMU - 0.

32 1.0000 10.271853 9.92868940
33 1.0500 9.462677 9.66200387
34 1.1000 8.765185 9.4155331935 1.1500 8.157555 2.18663990
36 1.2000 7.622593 8.97314632
37 t.2500 7.147000 8.T1328360
38 1.3000 6.?20599 8.58559680
39 1.3500 6.335615 8.40887034
40 1.4000 5.986071 8.24207151
41 1.4500 5.667291 8.08430922
162 1.5000 5.375525 7.93480450
43 1.6000 4.861416 7.65828806
44 1.7000 4.423788 7.40739262
45 1.8000 4.047828 7.17841053
46 1.3000 3.722040 6.96633819
47 2.0000 3.437465 6.77472138
48 2.1000 3.187101 6.59553397
49 2.2000 2.965428 6.42900520
.50 2.3000 2.766043 6.27394900



BERYLLIUM

EXPANSION PHASE - ISOENERGY ABOVE ESLIM
51 1.0000 10.271853 9.9286616052 1.1000 9.238682 9.92868960
133 1.2000 8.430744 9.Y286896054 1.3000 7.769079 9.92368960
55 1.4000 7.208628 9.9286896056 1.5000 6.724421 9.9286896057 1.•6000 6.301363 9. 92.868960

58 1.7000 5.928787 9.9286896059 1.8000 5..598301 9.9286896060 1.9000 5.3031.02 9.9286896061 2.0000 3.037710 9.9286896062 2.1000 4.797729 9.9286896063 2.2000 4.579621 9.9286896064 2.3000 4.380498 9.92068960
65 2.4000 4.197975 9.9286896066 2.5000 4.03005S 9.9286896067 2.6000 3.875053 9.9286896068 2.7000 3.731S33 9.92186896069 2.8000 3.598264 9.92868960
70 2.9000 3.474185 9.9286896071. 3.0000 3.358379 9.92868960

. I



TITANTU_&

AC 5 WC 5
aw.5

BG RHOIN AMU SAu0.6000 4.5100 1.0300 0.o 000 0.070000o

11 HUGONIOT PRESSURES

V/VO PRES;SURE (MB) ENEkGY (MR-CC/GM)1 t.0000 0. 0.2 0.9750 0.027121 0-000075173 0.9500 0.057249 0.000317344 0.9250 0.090831 0.000755245 0.9000 O.128394 0.001423436 0.8750 0.170564 0.002363697 0.8500 0.218086 0.003626708 0.a250 0.271855 0.005274349 0.8000 0.332952 0.0073825210 0.7750 0.402694 0.0100450211 0.7500 0.482698 0.0133785412 0 7250 0.574968 0.0175295013 0.7000 0.682009 0.0226832314 0.6750 0.806991 0.02907672I5 0-6500 0.953964 0.0370163216 0.6250 1o128171 0.046902901 0. •000 1.336495 0.0592680618 0.5750 1.588102 0.0748274219 0.5500 1.895410 0.0945603720 0.5250 2.275556 0.1198324821 0.5000 2.752689 0.1525880922 034750 3.361667 0.19566242
30.4500 4. '419 0.2533045124 0.4250 5.209458 0.3320884620•0.4000 6.653407 0.4425769026 0.3750 8.695752 0.6025326327 0.3500 1.706186 0.8435720929 0.3250 16.386375 1.22625302

29 O0 3000 ?4.+209015 1.8862
31 0.2750 38.7?5616a 3. E15101963)0-2500 71. 130749 5. 91441882
31320.2250 178.062588 15i 991681133 C02000 96515.00oo0 031 .62500000

I'I
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TITANIUM

12. ISENTROPE PRESSURES

VtVo PRESSURE (MB) ENERGY (ViB-CC/GM)

0.9250 0.090831 0.00075524
2 0.9500 0.057409 0.00034802
3 0.975'1 0.027331 0.00011638
4 1.O00ot 0.000213 0.00004290

T!TANIUM

11. ISENTRCPE PRESSURES

V/VO PRESSURE (MBI ENERGY 1MB-CCiGM)
1 0.8750 0.170564 0.00236369
2 0.9000 0.129015 0.00153805
3 0.9250 0.091759 0.00093028
4 0.9500 0.058291 0.00051805
5 0.9750 0.028169 0.00028164
6 1.0000 0.001009 0.00020363

TITANIUM

12. 2 ISENTROiPE PRESSURES

SVlVO PRESSURE (MB) ENERGY IMB-CC/GM)
,1 O. 8250 0.271855 0.00527434

2 0. 8500 0.219718 0.00391800
3 0.8750 O0 173154 0.00283445
4 0.9000 0. 131478 0.00199483
5 0.9250 0.094102 0.00137375
6 0. 9500 0.0605 18 0.00094885
7 0. 9750 0.•030285 0.0 007004t2

8 .0000 0.003017 0.00061099
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T IT.ANIIL

11. 2 ISENTROPE PRESSURES

V/vO PRESSURE (pIB) ENERGY tt4B-CC/GM)
1 0.7250 0.574968 .011752950
2 0.7500 0.48'0863 0,01458921
3 0.7750 0.414611 0.01209184
4 0.8000 0.347854 0.009936785 0.8250 0.288474 0.008230246 o.esoo 0.215518 0.00678414
7 0.8750 0,188179 0.00561524
8 0.9000 0.145767 0.00469445
9 0.9250 0.107689 0.00399616

10 0.9500 0.073432 0.00349788
11 0.9750 0.042553 0.00317971
12 1.0000 0.014663 0.00302404

TITANIUM

12. 4 ISENtROPE PRESSURES

V/vo PRESSURE IMS) ENERGY (MB-CC/GM)1 0.6250 1. 128071 0.04690290
2 0.6500 0.979169 0.04108436
3 0.6750 0.849239 0.03603540
4 0.70G0 0.735436 0.03165908
5 0.1250 0.635352 0.027t 7324
6 0.7500 0.547003 0.0246-3772
7 0.7750 0.468742 0*02180237
8 0.8000 0.3911t97 0.01940&34
9 0.8250 0.337211 0.01737174

10 0.8500. 0.2818i1 0.01566254
0.8750 0.2321t' 0401424367

12 0.9000 0.17573 0.4130i!31
13 0.9250 0.147420 13.012i6123
14 0.9500 tX 111186 0,0114483715 0.9750 O, O78416 0..0192631
A6 1.0000 0.04•716 0.01057701
17 1.0250 0.020?40 0.01038446

K .05
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TITANIUM

Li. 3 1SENTROPE PRESSUkES

V/VO PRESSURE (MB) ENERGY IMB-CC/Gtl)
1 o.S750 1583.102 0.o7482742
2 0.6000 1.381086 0.06662560
3 0.6250 1.205936 0.05947736
4 0.6500 1.os2040 0.05324214
5 0.6750 o.917691 o.e4780219
6 0.7000 0.7198'5 0.04305818
7 0.7250 0.696127 0.03892583
8 007560 0.604415 0.03533322
9 0.77SO 0.523053 0.o3221864

10 0.6000 0.45o633 0.029528b9
f. o.eo250 0.385971 0.0ZT27791

1L o.e5oo 0.328068 0.02524565
13 0.750 0,276075 0.O2357713
14 0.900o 0.229266 0.02218174
15 0.9250 o.187020 oo.2103256
16 0.100 0.148801 0.02010586
17 0.9750 0.114145 0.G1938069
in 1.0000 0.082648 0.01883847
19 1.0250 0.453959 0.01846270
20 1.050Vr 0.027771 C.01823874
21 1.0O50 0o0U013 0.01815348

I



-. -
1~ , I ANItIM

IZ. 6 ISEISIROPE PRESSURES

vivo PQESSURE (m) EkNERGY (IMB-CC/GM)0.4500 4.1,54194 0.253304512 0.4750 3.606205 0.231908693 0.5000 3.147097 0.213281054 0.5250 2,751098 0,1969836e5 0.5500 2.428609 O.182664166 0. 5750 2.145087 
0.170035887 0.6000 1.900266 C.158863658 O.6250 1.68T596 0.148952799 0.6500 14 5')836 0.1401409010 0.6750 1.338755 0. 1322115511 0.7000 1.194908 0.1252893712 0.7250 1o067471 0.1190361713 0.7500 0.954110 0.1134479714 0.7750 0.852885 0.1084525115 0.8000 0.762174 0.1039873516 0.8250 0.680611 0.0999982417 0.8500 0.607042 0.0964378918 0.8750 0.540434 0-.0932448919 0.9000 O.,410100 0.090442b520 0.9250 0.425169 O.0879326621 0.9500 0.375073 0.0357269222 0.4150 04-329274 0.0837793923 1.0000 C . A7308 0.08207461

EXPANSION PHASE - aSENTROPE ABOVE ESLIM 14U = 024 1.0000 0.287308 0.0820746125 1.0500 0.222399 0.0793281326 1.!000 0.180441 0-0}6724522?. I ?oo 0,154471 0.074!4224
1.2000 0.138362 0.0725469629 1.2500 0.127889 0.0701455830 1.3000 0.120352 0.0690668131 1.3500 0.114183 0.0674938632 1.40C0 0.106575 0.0660216533 1.4500 0.103199 0.06464847

-4 1.5000 0.097980 0.0633717635 1.6000 0.007719 0.0607549136 1.7000 0.1078989 0.0586060.'
38 1.8000 0-071761 0.0567889138 1.9000 0. 065774 1.0551987339 2.0000 0.060723 ,i.0537702440 2.1000 0.056367 0.0524633541 2.2000 0.052545 040512540042 2.3000 0.04l149 0.0501270543 2.4000 0.046108 0.0490121044 2.5000 O. 03369 0.0480812845 2.6000 0.040892 0.0471482046 2.7000 0.038642 0.0462674047 2.8000 0.03591j. 0.04543418

48 2.9000 0.03,7).'r 0.0446443949 3.0000 0.0320,94 0.0'O36944050 3. 10C10 0.031411 O.0',31bO96

I



1 ,

AV

EXPANSION PHASE - ISOENERGY ABCVE ESLIM
51 1.0000 0.287308 0.08207461
52 1.1000 0.193634 0.0820746153 1.2000 0.158U91 0.0820746154 1.3000 0.145087 0.- 8207461
55 1.4000 0.135916 0.0820746156 1.5000 0.126971 0.0820746157 1.6000 0.118229 0.0820746158 1.7300 O.1L0333 0.0820746159 1.8000 0.103528 0.08207461
60 1.'000 0.097704 0.0820746161 2.0000 0.092647 0.0820746162 2.1000 * 0.088168 0.08207461
63 2.2000 0.084137 0.0820746164 2.3000 O. 00471 0.0820746165 2.4000 0.077117 0.08207461
66 2.5000 0.074031 0.0820746167 2.6000 0.071184 0.0820746168 2.7000 0.068548 0.0820746169 2.8000 0.066099 0.0820746170 2.9000 0.063820 0.0820746171 3. 0000 O.061693 0.08207461

If,i[ A

iI

JI
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- i£•tNIROPE PRESSURES
V/VO PRESSURE (MB) ENERGY (MB-CC/GM)1 0.4250 5.209458 0.332088462 0.450 4.510571 0.30530fl,33 0.47.50 3.929722 . Z8202o214 0,5000 3.44?29: 0.2616,9285 0.5250 3.029688 0.243029357 O.S5300 2.677667 0.228073371 

2. 375179 0.214120268 0.6000 2.113553 0.201721869 0.6250 1.885911 0.1906724910 0.6500 
1.686144 

01808004411 0.6750 1.51160?, 0.17196123
12 0.7000 1.356859 0.1640325913 0.7250 l.Z.'q19 0.1569103314 0.7500 1.097184 0.1505052415 0.7750 

0.987745 
0.1447404416 0.8000 0.889509 0.1395494517 0.8250 0.801032 0.1348744318 0.8500 0.721095 0.1306649019 0.8750 0.648657 0.1268766020 0.9000 0.582831 0. 1234T05721 0.9250 0.522854 0D-120412vu22 0.9500 0.468070 0.11 76716023 0.9750 

0.417909 
0.1152210724 1.0000 0.371876 0.11303662

EXPANSION PHASE - ISErNThjp ABOVE ESLIM 8MU - 0.

25 1.0000 0.371876 0.1130366226 1.0500 0.299467 0.1093959127 1.1000 0.250908 0.1060234528 1. 1500 0.219010 0.10310612 
,29 1.2000 01.97633 0.1004962030 1.2500 0.182513 0.0981056231 1.3000 0.170899 0.09588623

32 1.3500 0.161159 O.0938136433 1.4000 0. 152425 0.0918755534 1.4•fO P.144306 0.0900641535 1.5Ouo 0.13Z672 0.0883722236 1.6000 0.122491 0.0850623037 1., 000 0.110555 0.0822408538 1.13000 0.100650 0.0797826139 1.9000 0.092379 0.07759123K. • 40 2.0000 0.085347 0.0756012941 2.1000 0.089250 0.07567081
42 2.2000 0.07923885 0,07 143 2.3000 0.069112 0.0704888444 2.4000 O.064837 0.0690055945 2.5000 0.060986 0.36761235
46 2.6000 0.057503 0.0663002547 2.7000 0.054339 0.0650616748 2.8000 0.051454 0.0638899849 2.9000 0.048816 0.06277938
50 3.0000 0.046396 0.06172473I:
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ATITANIUM

EXPANSION PHASE - ISOENERGY ABOVE ESLIM

51 1.0000 0.371.876 0.11303662
,2 1.1000 0.267247 0.11303662
r;3 1.20OG 0.223468 0.11303662
54 1.3000 0.202490 0.11303662
55 144000 0.187744 0.11303662
1,6 1.5000 0.11303662
57 ý.6000 0.162288 0.1130366Z
58 1.7000 0.151574 0.11303662
59 1.8000 0.142379 0.1,1303662
60 1.9000 0.134473 0.11303662
61 2.0000 0.127564 0.11303662
62 2.1000 0.121417 0.11303662
6S 2.2000 0.115873 0.11303662
64 2.3000 0.110828 0.11303662
65 2.4000 0.106208 0.1130366?
66 2.5000 0.101959 0.11303662
67 2.6000 0.090038 0.11303662
68 2.7000 0.094407 0.11303662
69 2.8000 0.091035 0.11303662
70 2.9000 0.087896 0411303662
71 3.0000 0.084966 0.11303662

"J_

____________
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11. 5 ISENTROPE PRESSURES

V/vo PRESSUIRE (MB) kLNERGY (MB-CrG.1 0.213O 36.756166 3 . 1l SIS s2 0.3000 32.608524 2.91,92903J3 0.3250 27.845936 ?.153136634 0.3500 24.079235 2.61023962
5 ,3750 21. 046962 2.48 592S886 0.4000 18.568236 2.3"6704047 0,4250 16.514719 2.279913L08 0.4500 14.79Z4312 2.193489229 0.4750 13.335153 2.11 8066710 0.5000 12.088416 2.045567130i 0.5250 11.013487 1.93••?209112 C.5500 10.079665 1.92340991

13 0. 75o 9.262155 1.92340995
14 O.60t10 8.543926 1.8206173815 0.6250 7.907534 1.7751693416 0.6500 7.341250 1.7329814001 O.675O 6.834921 1.6937554618 0.7000 6.380183 1.6571842719 0.7250 5.970095 1.6230025920 0.7500 5.598859 1.5909801921 O.7750 5.261597 1.5609162022 0.69000 4.954.81 1.5326345623 0.8250 4.673100 1.5059801,24 0.8500 4.415351 1.48081601

25 0.8750 4.178350 1.4570202726 0.9000 3.959869 1.4344845327 0.9250 3.757972 1.4131118128 0.9500 3.570975 1.3928151129 0.9750 3.397404 1.3735161730 1.0000 3.235967 1.35514434

EXPANSION PHASE- ISENTROPE ABOVE ESLIM Omit 0.
31 100000 3.235967 1.3551443432 1.0500 2.953411 1.3209745333 L.1000 2.719156 1.26956c-3034 1.1500 2.521850 1.2605311635 1.2000 2.352634 1.2335224636 1.2500 2.204932 1.20825641
3; 1.4000 1.850127 1.14'"07542

40 1.4500 1.753183 1.1210979741 1.50Ou 1.664466 1.1021521242 1.6000 1.508139 1.0670433843 1.7000 1.375232 1. s. 1428544 1.8000 1.261219 1.oo59765345 1.9000 1.162489 0.97916228S46 2.0000 1.076210 0C9543916547 2.1000 1.000203 0.9314131340 2.2000 0.932701 0.9100185849 2.3000 0.872623 0.89003328
so 2.4000 J.818668 

O.87130883

ON-
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TITANIUM

EXPANSION PHASE - ISCENERGY ABOVE ESLIM

51 1.0000 3.?35967 1.3551443452 1.1000 2.853853 1.3551443453 1.2000 2.581477 1.35514434
54 1.3000 2.370181 1.35514434
55 1.4000 2.195076 1.35514434S6 1.5000 2.044870 1.35514434
57 t.6000 1.914221 1.3551443458 L.7000 1.799723 1.35514434
59 1.8000 1.698656 1.35514434
6. 1.9000 1.606722 1.3551443461 2.0000 1.528059 1.35514434
(.2 2.1000 1.455209 1.35514434
63 2.2000 1.3f9035 1.3551443464 2.3000 1.328634 1.35514434
65 2.4000 1.273272 1.35514434
66 2.5000 1.222340 1.3551443467 2.6000 1. 175327 1.35514434
bb• 2.7000 1. 131796 1. 35514434
(3- 2.8000 1"01;1375 1.3551-4434
70 2.9000 1. 053 742 1. 35514434
71 3.0000 1.018617 1.3551ý434

I"
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11. 6 IS$NTROPE PRESSURES

VIVO PRESSURE (M8) EMERGY (MB-CC/GN)1 0.2230 178.062593 15.29916811
2 0.2500 148.760983 14.40305497
3 0.2750 126.630891 13.6476+1304. 0.3000 109,44S869 12.99825764
S 0.3250 95.800249 12.432950386 0.3500 84.750072 11.93517649
7 0o3750 75.657181 11.49259400
B 0.4000 68.069917 11.09578q19
9 0.4250 61.661915 10.7374439210 0.450Q( 56.192237 10.41177380

11 0.4750 51.479604' 10.11413968
12 0.5000 47.385314 9.864077227
13 0.5250 43.801653 9.5885739314 0.5500 40.643851 9.35497248
15 0.5750 37.844383 9°1378120216 0.6000 35.348878 8.93527043
17 0.6.SO 33.X13114 8.?4579573
18 0.6500 31.100807 8.56805706
19 0.6750 29.281928 8o40090537
20 0.7000 27.631442 8.24334300
21 0.7250 26.128327 8.0944989922 0.7500 24.754617 7.9536094'1
23 0.7750 23.495006 7.81999952
74 0.8000 22.338375 7.6930736925 0.8250 21.271421 7.5723011526 0.8500 20.285353 7.45720063

0.8750 19-371848 7.3473721128 0.9000 18.523650 7.24241060
29 0.9250 17.734411 7.1419806530 0.9500 16.998557 7.04577172
31 0.9750 16o311167 6.95350218

1.0000 15.667894 6.86491609

EXPANSION PHASE - ISENTROPE ABOVE ESLIM BMU u 0.

33 1.0000 15.667894 6.8649160934 1.0500 14.507174 6.6980316035 1.1000 13*493528 6.54310489
36 1.1500 12.600675 6.39869308
37 1.2000 11.807671 6.2635846738 1.2500 11.098000 6.13677365
39 1.3000 10.458683 6.01741564
40 1.3500 9.879498 5.90479296
41 1.4000 9.302318 3.7962823
42 1.4500 8.870586 5.69736427
43 1.5000 8&428912 5.60154921
44 1.6000 7.648698 5.42387259
45 1.7000 6.982262 5.26212603
46 1.8000 6o407749 5.11405301
4? 149000 5.9082j2 4.977o2848 7.0000 3*?67060 4.0519'2376
49 2.1000 5.084656 4.73511660
so 2.2000 4e?4202S 4.6263'5434
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EXPANSION PHASE - ISOENERGY ABOVE ESLIM

51 1.0000 15.667894 6.86491609
52 1.1000 14.153296 6.864916,09
53 1.2000 12.937733 6.86491609
54 1.3000 11.928816 6.86491609
55 1.4000 11.070380 6.86491609
56 1.5000 10.328190 6.86491609
5 1.6000 9.679676 6.86491609
58 1. 7000 9.108319 6.86491609
59 1.8000 8.601192 6.86491609
60 1.9000 8*147957 6.86491609
61 2.0000 7.740329 6.864916C9
62 2.1000 7.371655 6.86491609
63 2.2000 7.036551 6.86491609
64 2.3000 6.73C606 6.8C•491b09
65 2.4000 6.450162 6.864ý9160966 2.5000 6.192155 6.86491609
67 2.6000 5.933995 6.86491609
68 2.7000 5.7?33476 6.86491609
69 2.8000 5.528709 6.86491609
70 2.9000 5.338064, 6.66491609
71 3.0000 5.160129 6.86491609

1'
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WICKZL

AC 5 tC. 5 .-5

BG RHOIN ANU BmU ESU80
1-3300 604600 1.9120 105000 0.0900000

13 HUGONIOT PRESSURES

V/VO PRESSURE (NO) ENERGY (MB-CC/GM)1 1.0000 0. 0.2 0.9750 0.051212 0.000072253 0.9500 0.110076 0.000310j9
4 0.920 0,170028 C0010745350
S 009000 0.226830 0.001449386 0.8750 0.348650 0.00245943
7 0.8500 0.456174 0.00386151
8 0.8250 Oo402746 0000575510
9 008000 9.732560 00.Z626817

10 0.77SO 0.910902 0.01156619
2I 0.7OC 1.124401 0.015d6457
12 0.7250 19381859 0.02144533
13 0.7000 1.694037 0e02868008
24 0.6750 2.075238 0.0380616415 0.6500 2.543980 C10102480016 0.6250 30.24583 0.0661240717 0.6000 30.49226 9100688998
30 0.5750 4.761031 0.11418951
19 0.5500 5.918527 0.153065 12020 005250 78402496 0.19863031
21 0.5000 9.326645 . 026316716
22 0,4750 11,854806 0.3512287123 0.40500 15.229532 0.47269989
24 0w4250 19,021493 0.6431917525 0.4000 26.218832 0.88777079
26 003750 35.398192 1.24d52534
27 0.3500 49o076126 lo80019638
26 093250 70.5O0647 2.68554929
29 0.3000 1069469111 *o20589012
30 0.2750 173.473684 '7.09754026
31 0.2500 322Z0536228 !3o65136313
32 0.2250 814.034050 35.60250235
33 0.2000 94282*0000000 968.00000000



NiCKEL

13. L ISENTROPE PRESSURES

Vivo PRESSURE CMB ENEkGY i•b-"CC/G;M1 0.8750 0.348650 0.002459432 0.9000 0.259613 0.001606983 0.9250 0.182102 0.000988744 0°9500 O.114$51 0.000574525 0.9750 0.055621 0.000338206 1.0000 0.004161 0-00025714

NICKEL

13. 2 ISENTROPE PRESSURES

V/VO PRESSURE (M8) ENERGY (MB-CC/GM)1 0.7250 1.381859 0.021 ,÷4533
2 0.7500 1.162135 0.011871173 0.7750 0.972259 0.0148Y2604 0.8000 0.607762 0.012372115 018250 0.664929 0.010303656 0.8500 0.540657 0.008610737 0.8750 0.432339 0.007244888 0.9000 0.337773 0.006,164339 0.9250 0.255090 0.00533307

10 0.9500 0.182697 0.0047199411 0.9750 O.t19228 0.004297911? 1.0000 0.063513 0.0040435413 1.0250 0.014536 0.00393645

!$

i.
(
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NICKEL

L•, 3 ISENrROPE PRESSURES

VIVO PRESSURE (IN) EKEP.GY (MS-C•.GMI1 0575o 4. 761031 0-114189512 0.6000 t.112439 0-10J171516
3 0.62593 S.561200 0090943644. 0.650.) 3.090123 0.0815965a5 0.6750 2.685528 0•073478716 0.7000 2.336434 0.06641tl157 0O,250 2*033957 0.06027478
a 0.7500 10770856 0.05e92503
9 0.7750 1.541166 0.050267?910 0.5000 1.340036 O.0462161211 008250 1.16332 0.0426956712 0.8500 1.007634 0.0396426313 0.6750 00670101 0.0370019714 0.9000 0.748300 0.03472607

is 0.9250 0.640175 0.0321736216 0.9500 0.543972 0003110864
17 0.9750 0.458190 0.02969971
18 1.0000 0.381539 0.02851936

EXPANSION PHASE - ISENTROPE ABOVE ESLIM BMIJ , 0.
19 1.0000 0.38153'. 0.0285193620 1.0500 0.266270 0.026762W521 1.1000 0.190635 0.0249559522 1.1500 0.145410 0.02352333
23 102000 0.118613 0.0223160724 1.2300 0.102207 O.0212485125 1.3000 0.091230 0.0202815526 1.3500 0082896 0.0194050727 1.4000 0.075811 0.0106215628 1.4500 0.069386 0.0179339729 1.5000 0.063448 0.0173399730 1.6000 00050137 00155079131 1.7000 0,041695 0.0145151232 108000 0,036010 0.01388549
33 1.9000 0.032064 0.0134230934 2.0000 0.029181 0.0130459735 2. 1000 0.026922 0.0127174036 2.2000 0.025037 0.0124201237 2.3000 0.023401 0.0121456639 2.4000 0.021948 0.0 18896439 2.9000 00020643 0.0116494740 2.6000 0.019464 0.0114233641 2.7030 0.018393 0.0112099542 2.8000 0o017416 0.0110080743 209000 0.016523 0,010G167244 3.0000 0.015704 0,0106350045 3.1000 0.014951 0.0106621546 3.2000 O.014256 0,0102974547 3.300C 0.013313 0.0101403048 3,4000 0.013017 0.0099901349 3.5000 0.012463 0.00984643

50 396000 0.01194.7 O.00970875

j .. .... ... j
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NICKEL

EXPANSION PHASE - ISDENERGY ABOVE ESLIM

51 1.0000 0.381539 0.02851936
5z 1.1000 0.224640 0.02851936
53 1.2000 0.4166749 0.02851936
54 1.3000 0.141757 0.02B51936
55 1.4000 0.123559 0.02051936
56 1.5s000 0.106711 0.02851936
57 1.06000 0.092231 0.02851936
58 1.7000 0.081171 0.02851936
59 1.8000 0.073310 0.02851936
60 1.9000 0.067757 0.028151936
61 2.0000 0.063626 0.02851936
62 2.1000 0.060310 0.02851936
63 2.2000 0.057471 0.02851936
64 2.3000 0.054942 0.02851936
65 2.4000 O.052645 0.02851936
66 2.5000 0.050537 0.02851936
67 2.6000 0.048593 0.02851936
68 2.7000 0.046793 0.02051.936
69 2.8000 0.045122 0.02851936
70 2.9000 O.043566 0.02851936 A

71 1.0000 0.042114 0.02851936 A

I,

IIV ¾

--
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NICKEL
13. 4 lSEMTROPE PRESSURES

Vivo PRESSURE IMB) ENERGY (MB-CC/GMI1 0.4250 19.821493 0,643191752 004500 17.045881 0.591503873 0.4750 14.768014 0.546873094. 0.5000 12.879231 0.508067045 0.5250 11.290464 0A474115526 0.5500 9.964338 0.444245587 0.5750 8,829760 0.417034738 0.6000 7.858154 0.394376709 0.6250 7.020799 0.3734560810 0.6500 6o294912 0.3547291711 0.6750 5.662251 0-3379094812 0,7000 5,108085 0.3227565213 007250 4.620421 0.3090671314 0.7500 4.189429 0.2966686315 0.7750 3.806989 0.2854134416 0.8000 3.466356 0.2751748117 0.6250 3.161092 0.2658433018 0.8500 2v888857 0.2573240019 0.8750 2.643247 0.2495342020 0.9000 2.421660 0.2424018521 0.9250 2.221196 0.23586330
022 09500 2.039368 0.2298627523 0.9750 1.874037 0.2243508224 1.0000 1.723356 0.21928371

EXPANSION PHASE - ISENTROPE ABOVE ESLIM BMU 0.

25 1.0000 !,723356 0.2192837126 1.0500 1.469295 0.2103582427 1.1000 1.268896 0.2fý23589128 1.1500 1.109512 0.1953778029 1.2000 0.980300 0.1892246430 1.2500 0.873546 0.1837592931 1.3000 0.783961 0.1788756032 1.3500 0.707988 0.1744895533 1.4000 0.643212 0.1705313734 1.4500 0.587904 0.1669409335 1.5000 0.540718 0.16366547
36 1.6000 0.465851 0.1577437537 1.7000 0.411261 0.1526703238 1.8000 0.370353 0.1482035039 1.9000 0.338296 0.1441833040 2.0000 0.311953 0.1405087641 2.1000 0.289475 0.1371162242 2.2000 0.269817 0.1339635843 2.3000 0.252373 0.1310206444 2o4000 0.236758 0.1282639945 2.5000 0.222696 0.1256744046 2.6000 0,209975 0.1232355547 2.7000 0.198420 0.1209333548 2.8000 0.187888 0,1187554849 2o9000 0.178256 0.1166911550 3.0000 0.169419 0.11473082



IMi
I i3

NICKEL

LXPANSION PHASE - ISOENERGY ABOVE ESLIM

51 1.000C !.723356 0.21928371
2 1.01000J 1.3 8798 o0219Z8371

53 1.200C 1.104577 0921928371
54 2.3000 0.93212ti 0.21928371
55 1.4000 0.804251 0.21'.28371
56 1.5005 0.708770 0.21928371
57 L.6000 0.638127 O.2192a371
58 1.7000 0.5856b? 0.21928371
59 1.8000 0.54.5f26 0.21928371
60 1.9(000 0.51352i 0.21928371
61 2.0000 0,486400 0.21928371
62 2.1000 0.46,822 0.21928371

3 2.2000 0. 44 1:24 0.21928371
64 2.3000 0.422376 0.21928371
65 2,1O0) 0,404765 0.21928371
66 2.5000 0.388572 0.21928371
67 2.6000 0.3 7 3626 0.21928371
68 2.7000 0G359788 0.21928371
69 2.6000 C.346938 0.21928371
T0 29000 0.334975 0.21928371
71 3.0000 0.323809 0.21928371

I"

I
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NICK EL

14. 6 ISENTROPE PRESSURES

V/VO PRESSURE IMB) EMERGY (MB-CC/GM)
1 0.3000 106.469111 4a20589012
2 0.3150 89.433648 3.93228301
3 0.3500 76.201394 3.70058402
4 0.3750 65.724705 3.55-G180271
s 0.-4000 57.291277 3.32933438
6 0.A?50 50.403743 3.17822301
7 0..4"i00 44.706639 3.04468012
8 0.4750 39.940670 2.92576185
9 0.1000 35.913226 2.81914711

10 0.5250 32.478888 2.72298184
11 0,5500 29.526258 2.63576752
12 0.5750 26.968866 2.55628014
13 Qa6000 24.738782 2.48351020
14 0.6250 22.782058 2.41661772
15 0.6500 21.053418 2.35489815
16 0.6750 19.523827 2.29775617
17 0.7000 18.158681 2.24468526
18 0.7250 16.936441 2.19525173
19 0.7500 15.037597 2.14908206
20 0.7750 14.845865 2.10585281
21 0.8000 13.9%7573 2.06520246
;-2 0.820 13.o131169 2.02712485
23 0.8500 12.386841 1.99116372
24 0.8750 11.706209 1.95720828
Z5 0.9000 11,0A2086 1.92508961
26 0.9250 10.508274 1.89465757
27 0.95C0 9.979409 1.86577821
28 0.9750 9.496826 1.83833168
29 1.01)00 9.038456 1.81221040

EXPANSION PHASE - ISENTROPE ABOVE ESLIM MMU - 0.

30 1.0000 9.038456 1o81721040
31 1.0500 8.235545 i.76363069
32 1.1000 7.549853 1.71918565
33 1.1500 6.958747 167631796
34 1.2000 6.444434 1.64055103
35 1.2500 5.993228 1.60549577
36 1.3000 5.594662 1,57282989
37 L.350C 5.240660 1.54228218
38 1.4000 4.924860 1.51362108
39 1.4500 4.64208# 1.48664676
40 1.5000 4.3880tl 1.46118568
41 1.6000 3.951691 1.4142952C
42 1.7000 3.591085 1.3718e662
43 1.8000 3.287672 1.33315592
44 1.9000 3.027927 1.29760101
45 2a0000 2.802296 1-2647*845
46 2.1000 2.604074 1.23431540
47 2.2000 2.428442 1.20596276
48 2.3000 2.271795 1.11947802
49 2.4000 2.131322 1.15466422
50 2.5000 2.004758 L.13135268



I 11

E~P,~1or ~IA~. ~ aR'~ANMV 'SLIM

.. 1.51221040.1.1000 ,•92•03• 1.122104053 1o000 7.079831 L.03122104O
54 1.3G60 6.411690 1.01221040, •55•,. 4000 5.870503 1. 8l221040
"56 •5000 1.81221040
57 1.6000 5S,053642 1.81221040598 I.7l00 4.738669 1,81227040
5I. 60rGo 4.466717 1.B1221040
60 1.9000 4.227794 1.31221040
61 2.0000 4.014885 1.8122104062 2.1000 3.9231S8 1.8122104063 2.2000 3.649204 1.01,k21040
64 2.3000 3.490493 1.8122104065 2. 4000 3-.345043 I*VIR2104066 2.5000 3o211238 1*81221040
67 2.6000 3og@7728 1.81221.04068 2.7000 2.973367 1.81221040
69 2.8000 ?.S67176 1.8122104070 2.9000 i0768308 1.81221040S3.0000 

2.676031 1.81221040

-ii,

L 1 J

I 
-1

K I

I"~
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13. S SENTRnrc rRESSURES

V/VO PRESSURE (mpj ENERGY (MB-CC/GM)
0.70173.471A~~k

0.3000 145.0196A82 .653148593 n.3250 123.219913 6.2'8159Z4 0.3500 106.143e84 5.957037035 0.3750 92.510399 5.678590126 0.4000 61.447115 5.434533547 0.4750 72.340075 5.218613928 0.4500 64.748779 5i02602118
9 0.4750 58.350338 -85 2'94 6810 0.5000 52.903732 4.6965511411 0.5250 48-226117 4.5542932712 0.5500 44.176745 4.4242720013 0.5750 40.645838 4.3048859214 0.6000 37.546742 4.1948066915 0.6250 34.810313 4-0929228716 0-6500 32.3b0822 3.9982968917 0.6750 30.212943 3.9101322318 0.7000 28.269496 3.8277475819 0w7250 26.519746 3.7505565620 0.7500 24.930101 3.6780514721 0.1750 23.503110 3.6097905322 0.8000 22.196676 3.5453873023 0.8250 21.003448 3.4845021724 0.8500 19.910326 3.4268354525 0.8750 18.906080 3.3721215426 0.9000 17.981032 3.3201241827 0.9250 17.126805 3.2706324228 0.9500 16.336121 3.2234573L29 0.9750 15.602623 3.1i84290430 1.0000 14.920746 3.13539451

EXPANSION PHASE ISENTROPE ABOVE ESLIM 8MU - 0.
31 1.0000 14.920746 3.13539451
32 1.0500 13.6997?2 3.0548580333 l. lOOO 12,643268 2.980693493[ 1.1500 11,721455 2.91207707
35 1.2000 10.910777 2.8483231136 1.2500 10.192801 2.7888628837 1.3000 9.553108 2.7332190038 1.3500 8.980317 2.6809854539 1.4000 8.465274 2.6318131440 1.4500 8.000446 2.5853991541 1.5000 7.579481 2.5414792342 1.6000 6.848422 2.46036163

43 1.7000 6.235951 2.38675952
44 1.9000 5.715241 2.3195011545 1.9c00 5.266439 2-2576759246 2.0000 4.875089 2.2005634947 2.1000 4o530634 2.1475823848 2.2000 4,.225190 2.0982528649 2.3000 3.952681 2.0521723950 2*4000 3.70828t 2.03899896



U- .' 17
" NICKErL

-XPANS1ON PHASE - ISOENERGY ABOVE ESLIM

51 1.0000 14.920746 3.1353945152 1.1000 139267181 3,13539451
53 1.2000 11.971517 3.13539451
54 1.3000 10.924341 3.13S3945155 1o4000 10A0S9221 3, .394S1
56 1.5000 9.333172 3. 135 31'5157 1.6000 8.717546 3.13539451
SR 1.7000 6.186862 3.13539451
59 1.8000 7.723267 3.13539451
60 1.9000 7.312917 3.1353945161 2.0000 6.945742 3.13539451
tC62 2.1000 6o614448 3.13539451
63 2.2000 6.313616 3.13539451

S64 2.3000 6.039061 3,13539451
65 2.4000 5.787420 3.13539451
66 2.5000 5.555920 3.13539451(37 2.6000 5.342230 3.1353945168 2.7000 5.144370 3.13S39451
69 2.8000 4.960642 3.13539451
70 2.9000 4.789585 3.13539451"71 3.0C00 4.629933 3.13539451

3 
I

'4j

i!1
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NtGK P",

13. ISL-NTROPE PRESSURES

vivu PRESSURE IMB) CNERGY (MB-CCi6M)1 0.2250 814.034C50 35.60250k35
2 0.2500 7 •1'%AAA ^
3 0.2750 576.39 084 31.7•92n--a
4 0.3000 497.t76035 3n. 2#.2580858
5 0.3250 435. 176376
6 7.3500 384.7C9024 27.80768156
7 0.3?50 343.415257 26.78501201
8 0.4000 308.952232 25.86825943
9 0.4250 279.8A7108 25.040354.49

10 0.4,00 k55. 107054 24.28783870
it 0.4750 233.777376 23.59994054
12 0.5000 215.261192 22.96792436
13 0.5250 199.065058 22.38462162
14 01,5500 184.801428 21.84408760
15 0.5750 172.162149 21.34134579
16 0.6000 160.899488 20.87219381
17 0.6250 150.812227 20.43305564
18 0.6500 141.735468 20.02086663
19 0.6750 133.532898 19.63298273
20 0.7000 126.090971 19.26710963
21 0.7250 119.314427 18.92124534
22 0.7500 113.122815 18.59363341
23 0.7750 107.447786 18.28272653
24 0.8000 102.230914 17.98715412
25 0.8250 97.422020 17.70570040
26 0.8500 92*977770 17.4727732
27 0.8750 88.860579 17.18091249
28 0.9000 85.0377C3 16.93573213
29 0.9250 81.480491 16.70094824
30 0.9500 78.163786 16.47584844
31 0.9750 75.065418 16.25978732
32 1.0000 72.165773 16.05217767

EXPANSICN PHASE ISENTROPE ABOVE ESLIM 8mU 0.

33 1.0000 72.165773 16.05217767
34 1.0500 66.902700 15.66056418
35 1.1000 62.258317 15.2967863136 1.1500 58.134474 14.95764267

37 1.2000 54.451993 14.64043975
38 1.2500 51.146701 14.34288418
39 1.3000 48.166265 14.06300807
40 1.3500 45.467628 13.79910982
41 1.4000 43.015004 13*54970801
42 1.4500 40.778313 13.3135052943 1.5000 38.732010 13.08936012
44 1.6000 35.127782 12.67395127
45 1.7000 32.058235 12.29591417
46 1.8000 29.416159 11.94988644
47 1.9000 2r.122381 11.63154626
48 2.0000 25.1k3112 11.3373649149 2.1000 23.340926 11.06442416
s0 2.2000 21.768049 10.81028211



INICKEL•

51 1.0000 72.165774 16.052X?767W2 i.iOc~o bt.JUU055 1 .6.0517767
53 1.2CI0 59.663846 16.05217767
54 1.3000 54.944885 16.05217767
55 1.4000 50.933624 16.052L7767
56 1.5000 47.482248 16.05217767
57 1.6000 44.481272 16.05217767
s8 1.7000 41.846626 16,05217767
59 1.8000 39.517958 16.05217767
60 1.9000 37.429434 16.05217767
61 2.0000 35.556422 16.05217767
62 2.1000 33.862711 16.05217767
63 2.2000 32.323321 16.05217767
64 2.3000 30.o17908 16.05217767
65 2.4000 29.629649 16.05217767
66 2.5000 28.444460 16.05217767
67 2.6000 27.350441 16905217767
68 2.7000 26.337462 16.05217767
69 2.80C0 25.396839 16.05217767
70 2o9000 24.521085 16.05217T67
71 3.0000 23.7C3716 16.05217767



j '120

!MOLYBE ENUM

AC 5 WC 5 
*

V

BG RHOIN ANU emU ESUso
1.0200 10.2000 2.713n 1.6500 0.0450000

I 1s HUGONIOT PRESSURES

V/vO PRESSURE MNS) ENERGY (NB-CCfGM3
11.0000 0. 0.

2 0-9750 0.072051 0-0008830
3 0.9500 0.153465 0.000376144 0.9250 0.245795 0.00090365
5 0.9000 0.350845 0.001719926 O.8750 0.470750 0.002884507 0.8500 0.608031 0.00447082
3 0.68250 0.765678 0.00656831 I9 0.8000 0.947264 0.0092869010 0.7750 1.157090 0.01?7620211 0.7500 1.400330 0.01716152

12 0.7250 1.683547 0.02269487S13 0.7000 2a014543 0.02962562
14 0.6750 2.403345 0.03820858
15 0.6500 2.862627 0.0491137016 0.6250 3.408695 0.0620598417 0.6000 4.062812 0.0796629718 0.5750 4.853115 0.1011065619 0.5500 5.817443 0.1283259320 0.5250 7.007585 0.16316680
21 0.5000 8.495870 0.2082320822 0,4750 10.385642 0.26727753
23 0.4500 12.828544 C.3450675024 0.4250 164054126 0.34587S9625 0.4000 20.423090 0.6006790526 0.3750 26.528684 0.812765v927 0.3500 35.404122 1.12807241
28 0.3250 48.988059 1.6209283029 0.3000 71.307600 2.4468292330 0.2750 112.072597 3.9829718831 0.2500 201.177423 7-3962282532 0.2250 490.694977 10,6415967933 0.2000 15606.000000 447.25000000

'I



MOLYBDENUM

15. 1 ISENTROPE PRESSURES
V/VO PRESSURE (Me) ENERGY (MB-CC/CMI1 0.8750 0.470750 0.002884502 0.9000 0.353497 0.001880433 0.9250 0.249761 0001146454 0.9500 0.157901 0.00065154U S 0.9750 0.076477 0.000368436 1.0000 0.004218 0.00027318

MOLYBDENUM

15. 2 ISENTROPE PRESSURES

V/VO PRESSURE (M8) ENERGY (MB-CC/GM)
2 0.7250 1.683547 0.022694872 0.7500 1.428205 0.018896303 0.7750 1.204021 0.015683214 0.8000 1.006698 0.012984895 0.8250 0.832638 0.010740226 0.8500 0.678805 0-008896137 0, •.0 0.542623 0.00740641

8 0.9000 0.421885 0.006230669 0.9250 0.314692 0.0053334710 0.9500 0.219395 0.0046837810 0.9750 0.134555 0.00425426
12 1. 0000 0. 058909 O. 00402092



MOLYBDENUM

15. ISENTROPE PRESSURES

vivu PRES!-IIRF IMB, ENERGY (MB-CC/GcM0.4250 16,0 5"126 0.45250596
0.4500 13.845,8'5 0.41608907
0.4750 12.019878 0.38456714
0.5000 l0.495e00 0.35711370
0.5250 9.2120jS 0.33307160
0.5500 8.121959 0.31192145

7 0.5750 7.189495 0.293231450.6000 6.386517 0.276655299 0.6250 5.690796 0.26190551
10 0.6500 5.004602 0.2487429711 0.6750 4.553664 0.23696733
2 0.7000 4.086399 0.22640955

i ¶C.7250 3.673335 0.2169261514 0.7,00 3.3066LS 0.208J9462
0.7750 2.979917 0.20010981

AI, 0.8000 2.687688 0.193780981? 0.8250 2.425445 0.1m752950
l C.8500 2.189360 0.1818868"?1; 0.8750 1.976186 0.176?9325*0.9000 1.7"3157 0.17214611
/1 0.9250 1.6079C3 0.16004914, e" 0.91)00 1.446387 0.1643114524 0.975C 1. 302848 0.160•04675

"I.-oc 1.16L9761 0. 15 7922 75

EXPANSICN PHASE ISENTRUJPE ABOVE r-S1IM 0.

?L' 1.0000 1.l•9763 0.1579227526 1.0500 0.953039 0.15280435
27 1.1000 0.812448 0.146823240
,? 1.1500 0.712996 0.14426497yr) 1.2000 0.643387 0.1401204130 1.2500 0.592206 0.13748553
"" 1.3000 0.551975 0.13&4932232 1.3500 0051815? O.1317041333 1.4000 0.488234 O.12909693
34 1.4500 0.460960 0.12665402
35 1.5000 0.435804 0.1243630136 i.6000 0.390696 0.012002780
37 17000 0.353031 0.116.2300638 1.8000 0.321756 0.11285015
."9 1.9000 0.295531. 0.1097946840 2.0000 0.273139 0.10699"711 1 2.1000 0.253673 0.10441438
42 2.,2U00 0.236513 0. 10201357
43 2.3000 C,221242 0.09977246
44 2° 4000 0.,207557 0.097673•25

45 2.5000 0.195231 0.09570128
46 2.6000 0.184079 O.Q938440947 2.7000 0.173950 0.0920909648 2.8000 0.164716 0.09043250
49 2.9000 0.156272 0.08886050
50 3.0000 0.148525 0.08736771

1* -



JZ3

MOLYBDENUM

EXPANSION PHASE - ISOENERGY ABOVE ESLIM

51 1.0000 1.169763 0.15792275
5? 1.1000 0.860709 0.15792275
53 1.2000 0.720163 0.15792275
54 1.3000 0.646742 0.315792275
55 1.4000 0.595087 0.15792275
56 1.5000 0.550946 0915792275
57 1.6000 0.512008 0.15792275
58 1. 7000 0.478342 0.15792275
59 1.8000 0.449555 0.15792275
60 1.9000 O.4.24751 0.15792275
61 2.0000 0.403010 0.15792275
62 2.1000 0.383625 0.15792275
63 2.2000 0.366122 3.15792275
64 2.3000 0.350184 0.15792275
65 2.4000 0.335588 0.1579227566 2. 5000 0.322163 0. 15792275

67 2.6000 0.309772 0.15792275
68 2.7000 0.298299 0.15792275
69 2.8000 0.287645 0.15792275
70 2.9000 0.277726 O.15792275
71 3.0000 0.268469 0.15792275



1L4

MOLYBDENUM

15. �5 :ENTROPE PRESSURES

v 0 7ibt-UKt IMBI ENERGY (MB-CC/GMI1 0-2750 112*.072597 3.98297188
2 0.3000 94.066329 •712aOn7
3 0.3250 8o.176092 3.52131549
4 0.3500 69.228939 3.33956090
5 0.3150 60.442073 3.*Z164220
6 0.4000 S3.217033 3.0e4303059
7 0.42so 47.353622 2.92028645
a 04.00 42,397203 2.80o5soo0
9 0.4750 38.205372 2.71233165

10 I-5000 34.626262 2.6233662711 u.525o 31.544194 2.54251033
12 0.5500 28o869621 2.46866736
13 00.750 26.532481 2.40093333
14 0.6000 24.477246 2.33855599
15 0.6250 22.659443 2.28090405
16 0.6500 21.043112 2.22744361
17 0.6750 19.598911 2.17771989
18 0.?000 18.302702 2.13134304
19 0.0750 17.134477 2.08797678
20 0.7500 16.077533 2.04732949
21 0.o770 15.117833 2.00914684
22 0.8000 L4,243514 1.97320609
23 0.8250 13.444486 1.93931110
24 0.8500 12.712126 1.90728882
25 0.8750 12.039025 1.87698527
26 0.9000 11.418789 1.84826361
27 0.9250 10.845876 1.82100147
28 0.9500 10.315458 1.79509913
29 0.9750 9.823319 1.77042788
30 1.0000 9.365759 1.74692869

EXPANSIiN PHASE ISENTROPE ABOVE ESLIM BMU * 0.

31 l.O000 9.365759 1.74692869
32 1.0500 8.563164 1.10315528
33 1.1000 70894859 1.66291514
34 1.1500 7.329560 1.6256689335 1.2000 6.843023 1.59097910
36 1.2500 6.417180 1.55851060
37 1.3000 6.038951 1.52800332
38 1.3500 5.699053 1.49925053
39 1.4000 5.390939 1.4720830340 1.4500 5.109930 1.44635808
41 1.5000 4.851562 1.42195219
42 16000 4e398593 1.37672460'
43 1.7000 4,012023 1.33560175
44 1.8000 3.679967 1.29798681
45 1.9000 30392151 1.26339646
46 2.0000 3.140497 1.2314382647 2.1000 2.918738 1.2017904448 2.2000 2.722006 1-174185•6
49 2. 3000 2.546458 1. 14839098

so 2.4000 2e3d9010 1.1242390?



125

MOLY BDENUM

EXPANSION PHASE - ISOENERGY ABOVF ESLIl

10 L.0000 9o365759 1.74692869
52 1.1000 *.256'720 1.7469286953 1.2000 7.5061.83 1.74692869
54 ,.3000 6.898099 1?74692869s5 1.4000 6.392345 1.7469286956 1.5000 5,957584 1.7469286r)
5 7 1.6000 5*578668 1.7469286.;sa8 1.7000 5.246026 1.74692869
59 1.8000 4.951978 1.74692869
60 1.9000 4.690056 1*7469286961 2,0000 4.454998 1.7469286962 2.1000 4o242646 L.74692869
63 2.2000 4.049728 1.7469286964 2.3000 3-873632 1.7469286965 2.4000 3.712225 1.74692869
66 2.5000 3.563735 1.74 69286967 2.6000 3-A26668 1.74692869568 2.7000 3o299754 1.74692869
69 2.8000 3.181906 1.7469286970 2q9000 3.072185 1.7469286971 3.0000 2.969779 1.74692869

I!

I,'



15. 6 |SENTROPE PISuE$

V/VO PRESSURE (481 ENERGY It14-CCIGN)
L.oeu 490.694977 ?1a.8415679 '2 0.2500 409.810688 17. 5 501 3 3 3 6
3 0.27501 L
4. 0G3000 301.389977 15.83923507
5 0.3250 263.771435 15.15098822
6 0.3500 233.321749 14.54503107
I 0.3750 208.R70565 14.006•1046
0, 04000 187.370937 13.52334645
9 0.4250 169.722332 I.-08722413

10 0.4500 154.660105 12.69088733
11 0,4750 141.684301 12.32866457
12 0.5000 130.412493 11.99602306
13 0.5250 120.547705 11.68912652
14 o05so0 111.8562S6 11.40486717
15 0.5-o0 104.152026 11.14061296
*6 0.6000 97.285147 10.89414620
17 0.6250 91.133750 10.66357684
18 0.6500 85IS97830 10.44728374
19 0.6750 60.594642 10.24386764
20 0.7000 76.055198 10.05211377
21 0.7250 71.921571 9.67096155
22 0.7•00 68.144811 9.69948053
23 0.7750 64.683294 9.5368504524 0.8000 61.501A33 9.38234508
25 0.6250 58.568638 9*23531878
26 0.8500 55.058485 9.09519529
2? 0.8750 53.348049 8.96145850
28 0,9000 51.017345 8.83364570
29 0.9250 48.848891 8.71133792
30 0.9500 46.827328 8.5941'770
31 0.9750 44.939110 8.48176253
32 1.0000 43.17Z265 8,37384093

EXPANSION PHASE - ISENTROPE ABOVE ESLIM IiMU 0.

33 1.0000 43.172265 8.37384093
34 1.0500 39.983290 8.17049086
35 1.1000 37.196788 7.98169529
36 1.1500 34.741013 7.80568C63
37 1.2000 32,558995 7.64097977
38 1.2500 30.6U05370 7.48637M42
39 1.3000 28.844'902 7.34083730
40 1,3500 27.249759 7.20350039
41 1.4000 25.791441 7.07361305
42 1.4500 24.470947 6.950i272
43 1.5000 23.252791 6.83365625
44 1.6000 21,101941 6.61693180
45 1.7000 19.264161 6.41962296
46 1.8000 17.679491 6.23898578
47 1.9000 16.301582 6.07278689
48 2.0000 150094292 5.91920006
49 2.1000 14.029232 5,77669919
50 2.2000 13.083870 5.0401263



MOLYBDFI.WM

EXPANSION PHASE - ISOENERGY ABOVE ESLIM

51 1.0000 43.172266 8.3?38'.093
57 1.1000 39.014990 8.37384093
53 1.2000 35.673634 9.37384C93
54 1.3000 32.897595 8.37384093
55 1.4000 30.534024 6.37384093
56 1.5000 28,489441 8.373d4093
57 1.6000 26.702100 8.37384093
58 LoT000 25.126020 8.37384093
5' 1.9000 23.*7:I49 9.37384093
60 1.9000 22.4t8091 8,37384093
61 2.0000 21.35362? 8.37314093
62 2.1000 20.336576 8.37384093
63 2.2000 19.412116 8.37384093
64 2.3000 18,568090 9.37ý84093
65 2.4000 17.794414 8.373•.4093
66 2,5000 17.082636 8.37384093
67 2.6000 16.425611 8.37384093
68 2.7000 15.817255 8.37384093
69 2.8000 l1.252353 $.37384093
70 2.9000 14.726410 8.31384093
T71 3.0000 14.235530 8.37384093



1,48

TH )RIUM

AC - 9 WC .88 .4

IG RHOIN AMU 3MU ESUBO
C.8600 t1.6800 0)310 0.5000 0.0250000

1T HUGONIOT PRESSURES

V/VO PRESSURE (NO) ENER~GY (MB-CC/GM)
I1 1.0000 0. 0

K-i• 2 0.9750 0.014173 0.00001516
S0.9500 0.03033 T0

4 0.9250 0.048826 0.00015676
s 0.9000 0.070044 0.00029984
6 6 0.8750 0.094476 0.00050554
7 0.8500 0.122712 0.00078796
8 0.8250 0.155475 0.00116473

S9 0.8000 0.193653 0.00 165798
to 0 0.7750 0.238343 0.00229568
11 0.7500 0.290919 0.00311343I 12 0.7250 0.353102 0.00415601
13 0.7000 0.427080 0.00548476
14 0.6750 0.515648 0.00717403
15 0.6500 0.622416 0.00932557
16 0.6250 0.752097 0.01207346
17 0.6000 0.910911 0.0t559776
Is 0.5750 1.107169 0.02014326
19 0.5300 1.352127 0.02604697
20 0.5250 1.661260 0.03377989
21 0.5000 2.056194 0.04401099
22 0.4750 2.567732 0.05770801

* 23 0.4500 3.240697 0.07630065
.. 24 0.4250 4.14L955 0.L0195i07

25 0.4000 5.374217 0.1360?638
26 0.3750 7.100059 0.16996444

* 27 0.3500 9.593OL9 o.Z6692900
28 0.3250 13.325064 0.38503499
29 0.3000 19.185045 0.57489429
30 0.2750 28.992992 0.89942524
31 0.2500 46o991509 L050871700
"32 0.2250 85.278603 2.82922T63
33 0.2000 194,079556 6.64655960
34 001750 1040,427292 36.74453974

. I.

L .



vivoti pp 9

1 0.9250 0.046826 0.00015676
2 0.9500 0.030459 0.0U007288
3 0.9750 6, 014333 0-00002579
4 1.0000 0,000162 0.000001io

THORIUM

L7. I 1SENT0OPE PRlE$SURES

V/VO PRESSUPRE (Pal ENERGY (Mb-CC/GM,)
I 0.8750 0.094476 0.000501542 0.9000 0,070534 0.00033022
3 0.925U 0.049553 0.00020282
4 0.9500 0.031146 0.000117435 0. 750 09014983 0.00006892
6 1.0000 0.000776 0.00005280

THORIUM

16. 2 ~ISENTROPE PRESSURES

V/VO PRESSURE MIM) ENERGY (P.B-CC/G!4)
0 0.8250 0.05,•5,, 0.00116473

7 008500 0.1240042 0.00006779
3 0.8750 O.096564 0.00632b7
4 0.9000 0.072507 0.00045302
5 0.9250 000510's8 0.000321516 0.9500 0.032i,0 0.00023223
7 0.9750 0.016649 0.00016OOb
6 100000 0.,002351 0.O016047

IT



THORIJM

~3.2 IENTp(jiE PRESSURES

Vi'VO itI slAr$$l IC II ENERGY lh3-(CCfGmýS0,,?50 0.353102 0.0041568t
2.7T00 0.91115 0,,0)34640?3 0.l•O .2486z60 02•2I34. J~ j0 z e Z 0.002"132b04 O.13OG 0.206374 0.00239809
5 0-,08250 0.169517 O.00199781
6 0.8500 0.13 ;•02 0.001671197 O.d750 OO.090010 C.001409006 0.9000 0.004345 0.00103290o.2w O. 062'60s C00 1047 :

0.9500 0.043488 0.0009146.,2ti 0[ 750 0*026651 1.00004t43

"0000 001000.010? 0.002004

THORIUM

I8, . j ISENTROPE PRESSURFS

VWVO PRESSURE 1M0) ENERGY (M6-CC/GH|I 0.62500 0752097 0.012073462 I•.6500 0-44'716 0.010584243 o.6• O.0554384 C.009305504 0.7000 (J.475648 0.008207875 0.7250 0.407515 0.007266676 0.7500 0.348355 0.00646111.7 0.7750 0.296825 0.0577351N 0.8000 0.251814 0.005SH829 0.825O 0.212394 0.0046941410 0.8500 0.,177789 0.0042784011 0,0750 0.147343 0.0039s2031? 0.9000 0.120504, 0.0036467613 0.9,50 0,096799 0.0034154114 0.9500 0.075626 0.003,.J7315 0.9750 0.057241 00030902516 1.0000 .O'.0047 0.002986Z0I l 17 1. 0250 0.02608 7 0 00291540
is 1.0500 0.013039 00Z,17
19 1.0750 0.001412 0.062659126

F I

Si



iT.O 3 psf~ it irjp : iFS~

I.0.5750 1.1TAI U 32
2O.C6.0C 16 0 1A34
3 0.67?50 a 12 60

6 0700 ).53SO91 0-01174%66

9 0.7750 0-346200
10 25O0 0.25607O.D.73l

12 O 300I 0 19 31.17 9- I
13Z O'87,5 ol.1e6497 0.00676365I
14 0092,50 00a31809 .Oie61E. 0.~i000.100954 D*I0O83206

0* 1i 1Sr 00859 0.00542163I', 040~ .07043s I,0453q
SOJZi C'.C4200 0-0 $3969

LOOM~ G0*066*.4 O.Ot)i4t957
22 1 iO4)0.4929 0.S00siO'63

I,< .004407

.,Ol

Al



1f IS" . .
I O,4Z2 j 64.11-1955 C.10195307

4 0.,500V 2.680225• 0.080569(04
5 01 5M5 2.345791 0. 07521599
6 (.5500 Z.0631lf8 0407051844
?0.5,150 1ýsil,159 U.. 06637 713

3 0. 4000 1.616212 0.0627U111
0.625C ý;ýj 0,.05945375

0~tO~i1..2f4203 0.G5 654979
U 0.67%0 ,.149839 0.05395310
12 t.7?000 1.032147 0.05162'486
13 0.7z50 0.928715 0.0495.;223
14 .0.7500 0.837341 9.0476*729
15 0.7750 O.756•42 0.045946•8
16 0.6000 0.ga842•8 004440814
IT 0.r750 O.619964 0.04301563
18 0.61500 0.56217' 0.047-3t17
19 0.8050 0.5LO616 0.040.0733
20 9009o 0.464063 n.03956638
2 I 0,Z,0• 0.422033 0.03062002
22 0.9500 0.30397" 0.03775915
23 0.9750 0.349452 0.003697577
24 1.00C0 0.318063 0,031626277

EXPAlSIdN PHASE $ISEllTROPE ABOVE ESLIM eMU A ,0.v
25 1.0000 0.318063 0.03626217
25(1 .0500 0.260949 0.0•502767

27 1.100-0 O. 205096 0,,03287193

zs I. 10 0,160143 0.027100099
29 1.000 0.0126714 0.029371•5
30 Itio .0600031 0.0283"9•1 r
37 L.1000 0.089739 0.02642771
37 1.6500 0.0814015 0O023I'75
33 104000 0.0576816 O.C2Z622263)4 1,415O0 0,0,014221 0,02.577101

35 1.5000 0107267| 0.02S37410
36 1.6000 0.06.714 042451943
37 1.7300 0 64ii 0. 02 306649sm. 1.I0000 0.060231 0,02|33G74

39 2.9000 0.0S6016 0,022S417
40 2.0000 04.09177 0.022340)?
41 2.1000 0•.04314 C,421900242 2.2O0 O0 0oG4 3. 0.•02150545'
43 2. 3000 ;;v 04,•2.91% 0,,02-112610)
44 2.4000 0.00"431 0,.02077041Z
45 2. $000 J.041$0 CoCZ04342Y
46 2,*OO0 0. 036). 4$ 0,,0PI16 b4e
47 2. 7000 U. ý3,4,.18,8 0,01961516l

49 2.1000 0.13"VC74 • 0 •0t', •slk2 •
50 3eo000 l. 0?v4 0.•6O,01. ?A'•if4$7'



TrHORIUM

EXPANS~IONm PHASE - ISUEtgFRGY ARNCVfESL
511.0000 3.318063

-)i .2000 OsX51~967 g UC-362621ý54103000 C.P1245?40.V622155 104000 G*Atl7ys OcC.2017i%4105000 0*106934 DC661571.6000 CeU-100 OG6227liA10.000 U. 09~8 tzI
1.4000 O0-ov6(6 0 ; 21

112.C009 0.0864Y0
622.1000 0.c000647 0&0362C)277763 2o20*Q Go.QT FCC9 lib664 203000 0007W6I 00467165 2.6000 ofi00122766 2,9000 0*16776,8 j.324?2100 C0ý4546& OM.46626?765 2.700C 0.067740 . 44 1Z.SQ~ C.065Q7 ,036262l7To 00054671 00536Z0277



A. SN lmtLloJ PRFU IS , J F%

41 VC PRESSURE (MB) ENERGY (fB-CC/GM)

/ j,30r)0 20.096982 0.843671423 0.3250 20. 350210 0.79656077
4 0.3500 1.7.421204 0.75648066
r0.3?50 15108V'275 0.72193502
6 ,1 .40 ) v 13-203070 0. 69184265I 0.475n 1=5602 I I0..66538108

0.4500 -0.0371711 0.64191813
- o7 - 9T2•5.682 0 6,62 09601110 0.,5000 8.380002 0.60Z1160Y
S0. 5250 o7.598799 0.58507250

12 0..5500 6.925552 0.5695751Z
L3 0.5750 6,34IL48 0.55541556
14 0.6000 o.. 30920 0.54242148
15 0.6250 5.381660 0.53044909
16 0.6500 4,)84907 O.51937753
17 0.6150 4..6324,0 0.50910442
Is O.7000 4o317779 0.49954249
19 0.7250 4.035689 O.49061689
?o 0.1500 3.7 61752 0.48226304
21 0.1750 3.552289 0.47442491
22 0.8000 3.344207 0.4670537C.
23 0.8250 3.154887 0,46010664
24 0.9500 2.982101 0.4535461325 0.750 2.8?3945 0.44733896

26 0.0000 2.678780 0.44145569
27 U., 950 2.545195 0.43587011
*8 O9500, e2-219-65 0.43055884
.29 0. 9150 Z.308023 0.4255009230 1.0000 2.202439 O.42067753

fXFANISK.1N PHASE ISENTROPE AB(UVL ESLIM eMU , 0.

31 1.0v•o 2.202439 0,.42067753
3? 1.0500 2.009150 0.4L168028
33 1.2000 1.836926 0.40338751

35 1.20,000 1.559019 0.38880409
36 1.;2500 1.450149 0.36232924
37 1.3000 1.359387 0.37628942

.8 I.3500 1.281699 0.37061793
39 1.4000 1.214602 0.36526169
40 1.4500 1*155487 0.360179R9
41 1.5000 1.102361 0•3A534171
42 116000 1.008948 0.34630553
43 1.7000 0.928139 0.33802360
44 1.6000 0.85732L U-33032394
45 .gOiAO 0.795009 L° 32331420
46 Z00009 0.73997T 0.31677528
47 2.1000 0.19t.I42 0. 31.I06593148 2. 2OO0 ,0. 64 15 V•, 0. 3049'.736
4 9 2 ° 3 0 0 0 O O 5 30 • 2 • • 7 •
soZ40 9 ,,57.3.321 0.29451519•



T'HOR I UM

EXPAN4SION PHASE - ISOENERGY ABOVE ESLIM

51 1.0000 2.202439 0.42067753
"2 1.1000 L.91.0690 0.42067753

1. 2000 i.683429 U.420677!43
"54 1.3000 1.519107 0.42067753
55 1.4000 1.399626 0.4206775356 1.5000 1.305896 0.42067753
57 1.6000 1.226126 0.42067753
15 1.1OO0 1.155294 0.42067753
59 1.8000 1.0916:7 0.4206775360 1.9000 1.034371 0.42067753
61 2.0000 0.982693 0.'4.067753
62 2.1000 0.535906 0.42067753
63 2.2000 0.893366 0.42067753
64 2.3000 0.aw4.5Z4 0.42067753
65 2.4000 0.818g99 0.42067753
66 2.5000 0.786162 0.4;067753
67 2.6000 0.755925 0.42067753
68 2.7000 0.727928 0.42067753
6') 2.6000 0.701931 0.42067753
70 2.900C 0.677726 0.4.067753
71 3.0000 0.655135 0.42067753
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0 O. 225C',H. 5009696 t ? -0, " 63
"; 0. 25c 132.674A 5, 5o6r4 2976

4 .27L50 !'1.741|97C0 5.1Ub06 I90S "1{0,0, 1;4. 0 725) 4- M,-1i Vý9"-01,• "J25U . ?, b I f. 2', 1 5052

-7 6.5•r :.-ý l t •6 I •, 3I -I11 8 90 l
H 0. 1 '- -. ,2 17 3] 4 , Vb 1,13U fit,3 ý L',

4 0.400, A7.005742 4.81881273
IC C-.250 56.395845 4.59252783
L1 0.4500 51.601757 4,57729077
12 0.4750 47.d&65370 4.4715/*588
13 0.5000 43.865985 4.37402970
14 0.5250 40.710040 4.28370410
15 0.5500 37.923995 4.19,97069116 0.5750 35.4-.9338 4.1]2131518
17 0.6000 33.2389B7 4.04791754
18 0.6250 31-254670 3.97899288
19 0.6500 29.464986 1.9140938820 0.6750 27.843957 3.85283402
21 0.7000 26.369917 3.79487729
22 0.7250 25.024673 3.73'I93003
23 0.7500 23.792838 3.68773422
24 0.7750 22.661329 3.63806206
25 0.8000 21.618945 3.59071162
26 0.8250 20.656057 3.54550311
27 0.8500 19.764338 3.5022758228 0.8750 18..9365 58 3.46088564
29 0.9000 18.166408 3.42LZ026730 u.i;250 17.448363 3.38311037
31 0.9500 16.777566 3.34650213
32 0.975t, 16.J.49728 3.31128183
33 .o00oo 15.561053 3.27736181

EXPANSICN PHASE - ISENfROPE ABOVE ESLIM BMU - 0.

34 1.0000 15.561053 3.2773618135 1.0500 14.484008 3.21316487
36 I. 100 13.523855 3.15330523
37 1.1500 12.667675 3.09732407
308 1.2000 11.903466 3.04480258
39 1.,25U0 11.219810 2.9953717640 1.3000 10.605941 2.94871017
41 1.3500 10.052000 2.90454084
42 1.4000 9.549301 2.86262670
43 1.45o0 9.090476 2.82276514
44 1.5000 8-669465 2.7ePA ?8232
45 1.6000 7.922574 2.* j96616
46 3.7000 7.279419 2.64905825
47 1.8000 6..'720353 2ý58926678
48 1.9000 6.230"175 2.53394106
49 2. 0000 5.799203 2.48253989
50 2. 1000 5.416425 2.43460965



EXPANSION PHASE - ISOENERGY ABOVE ESLIM

1 1.0000 15.561053 3.77736181
52 :(.1C00 14.r,50799 3.27736181

1.Z000 k2.008137 3.27736181
15- ,3000 11.787089 3.27736181
1 1.4000 L0.933343 3.27736101

56 1.5000 10.203690 3.277361M1
S7 1.6000 q.567691 3o2l736181
5A 117000 90006145 3.27736181s') 1*0000 8.506342 3.27736181
60 1.9000 8.058807 3.27736181

6L 7.0000 7.655908 3o27736181
62 2.1000 7.291348 3,27736181
61 2.2000 6.959925 A.27736181
54 2.3000 6.657319 1.27736181
65 2.4000 6.319931 1.277161861
6 2.5000 6.124734 3.27736181

67 2.6000 5-889167 3,27736181
68 2.7000 5.611050 3.27736181
69 208000 5,4685l2 3.2771618i
tO 2.9000 5.279943 3.2T736181
71 3.0000 5.1C3945 3.2773618L
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